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Préfacé 


I graduated from medical school in 1956. At that time, the standard 
texts in basic orthopaedics, physiology, pathology, and medicine 
provided little or no information with regard to the pathophysiology 
of bone and joint disease. Even as late as 1970 when I had the temer- 
ity to suggest to the Chief of the Trauma Service at a world famous 
medical school that perhaps we could learn something from studying 
bone biopsies from old ladies who had fractured their hips, my sug¬ 
gestion was met with incredulity. Today osteoporosis is recognized 
as one of the most serious problems facing the aging population. 

Our own interest in, and understanding of, disease dépends espe- 
cially upon our teachers and colleagues. In this respect I was most 
fortunate in being accepted for a residency in anatomie pathology at 
the Beth Israël Hospital in Boston, where there was a strong tradi¬ 
tion of intellectual exchange between the various hospitals and med¬ 
ical schools in the city. This was followed by a two-year fellowship at 
the Hospital for Joint Disease, New York, with Dr. Henry Jaffe whose 
whole life had been dedicated to orthopédie pathology in that great 
institution. 

Four years spent in the department of Orthopédie Surgery at the 
University of Oxford exposed me to one of the most Creative and 
imaginative orthopédie surgeons of his génération, Professor José 
Trueta, as well as two of the brightest young minds of British ortho- 
pedics at that time, Mr. Michael Freeman and Mr. John Goodfellow. 
In 1968 at the invitation of Dr. Philip Wilson Sr., I came to the 
Hospital for Spécial Surgery in New York City. 

Much of the ever increasing sophistication in the diagnosis of 
bone and joint disease, I believe, we owe to the foundation in 1972 
of the International Skeletal Society, which, for the first time, pro¬ 
vided a wider venue for the discussion of the radiographie and his¬ 
tologie diagnosis of bone and joint disease. From its inception this 
society was interdisciplinary, drawing its members from the lead- 
ing exponents of radiology, pathology, orthopaedics, and rheuma- 
tology in the Americas, Europe, Asia, and Australia. As a resuit of 
the annual meetings tremendous progress in diagnostic acumen 
has been achieved and disseminated through both very successful 
annual refresher courses offered by the society, and its journal - 
Skeletal Radiology. 

The foundation in 1979 of a local New York Bone Club has pro¬ 
vided a level of intellectual fellowship for which I am profoundly 
grateful. Our monthly meetings over the past 30 years hâve taught 
me more of my profession than I would hâve ever thought possible. 

This text was first published in 1984 and was intended to provide 
a concise, yet lavishly illustrated and comprehensive introduction 
to the pathology of bone and joint disorders. The target audience 
was trainees in orthopaedics, radiology, and pathology. Orthopaedic 
Pathology was one of the early textbooks to be published in full color 
and this I believe helped to make an understanding of the subject 
under discussion much more accessible to those whose daily work 
did not involve the use of the microscope. 

Using various imaging techniques, the radiologist may observe the 
Virtual morbid anatomie changes associated with musculoskeletal 


disease. The histologist in his intent to interpret tissue sections 
is helped considerably by both clinical and radiologie corrélation; 
without such corrélation, serious mistakes are possible. With these 
thoughts in mind, in the illustration of the conditions under dis¬ 
cussion, I hâve tried to make use of the various imaging techniques 
now available, and a splendid chapter, written for the nonspecial- 
ist by Professor Judith Adams and her colleague Dr. Sarah Jackson, 
on imaging techniques, interprétation, and strategies is included in 
the text. 

Most of the gross photographs and photomicrographs used in the 
book were taken over the many years of my professional life. Many 
of the clinical radiographs are from the Radiology Department at 
the Hospital for Spécial Surgery, and I thank ail the members of that 
department for their assistance especially Drs. Robert Freiberger, 
Robert Schneider, and Douglas Mintz. Additional illustrations hâve 
been generously contributed by numerous colleagues throughout 
the world, mostly members of the International Skeletal Society, to 
whom I am extremely grateful. 

Line drawings hâve been used to indicate spécifie features in pho¬ 
tographs, and where the three-dimensional or temporal aspects of 
a structure must be shown, color schematic drawings or anatomie 
drawings are provided. 

The bibliography is arranged by chapter, and subdivided by dis¬ 
ease. Nowadays the availability of the internet obviâtes the need for 
exhaustive bibliographies. So I hâve focused on including older réf¬ 
érencés that hâve been useful to me and that may be less accessible 
via the internet. 

In préparation of the first édition of this book, I was fortunate to 
hâve the assistance of Dr. Vincent Vigorita, who had just completed 
his fellowship at Memorial Hospital before joining our staff as assis¬ 
tant pathologist. For the second édition, I had the invaluable help of 
Dr. Rafael Castro. For this as well as the third and fourth éditions, 
Dr. Philip Rusli, who has been with the pathology department for 
the past eighteen years, has been my amanuensis. With his organiza- 
tional skills, he has managed the logistics of cataloging illustrations, 
checking references, tracking down radiographs, and many, many 
other tasks that are entailed in such a project as this. I am extremely 
grateful to him for ail his help and support. Many of the images in 
this édition hâve benefitted from the expert Photoshop editing of 
Mr. Percy Addo-Yobo, a young Ghanese student lately working in 
our department. 

I am indebted to my colleagues, the physicians, surgeons, and tech- 
nical staff of the Pathology Department at the Hospital for Spécial 
Surgery - both past and présent and especially Drs. Philip Wilson, 
Manjula Bansal, Edward DiCarlo, Adele Boskey, Stephen Doty, and 
Cathleen Raggio for their never failing support in this and other proj- 
ects over the years. I am most grateful to Dr. Mark Edgar for his careful 
reading of the text, and his invaluable contributions and suggestions 
for its improvement. Finally, I thank my friends on the staff of Elsevier, 
especially William Schmitt and Andrea Vosburgh, for the care and 
hard work that went into the préparation of this book for publication. 
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2 SECTION I NORMAL 


First and foremost, bone, cartilage, ligaments, and tendons hâve a 
mechanical function: providing protection, movement, and stability. 
Unlike the parenchymal organs, which are composed mainly of cel¬ 
lular éléments with a metabolic function, the connective tissues are 
mostly formed of an extracellular matrix that is formed of materials to 
resist the tensile and compressive forces to which they are subjected. 

The microscopie examination of bone dates back to the earliest 
days of microscopy. In 1691, Clopton Havers published his Osteologia 
Nova , in which he described the pores in the cortical bone that we now 
refer to as haversian canals (Fig. 1-1). Since then, major contributions 
to the study of bone anatomy and histology hâve been made by many 
of the most famous names in medicine. In 1733, Cheselden published 
the Osteographia, which contained full and accurate descriptions of 
ail human bones gained with the use of the caméra obscura (Fig. 1-2), 
and in 1754, the beautiful and accurate work of Albinus on bone and 
muscle established a new standard in anatomie illustrations. 

The experiments of Haller in 1763 contributed greatly to the under- 
standing of bone formation, and in 1772, Hunter did much to elucidate 
the mechanism of bone growth, particularly its appositional growth 
rather than that of interstitial growth such as occurs in other organ Sys¬ 
tems (Fig. 1-3). Bichat, in the early 1800s, stressed the importance of 
the material tissue éléments shared among the different organ Systems 
(hence histology) and, in particular, described the synovial membrane. 
Virchow, the father of modem pathology, wrote classic descriptions of 
several bone tumors and metabolic disturbances (Fig. 1-4). 


Matrix 


Some knowledge of the matrix constituents is essential to the 
understanding of connective tissue diseases. The various types of 
collagen account for 70% of ail body proteins and are the principal 
extracellular constituents of connective tissue (Table 1-1). Type I 



FIGURE 1-1 Clopton Havers, 1657-1702.The first description of haversian 
canals and Sharpey's fibers. (Title page of Havers C: Osteologia Nova. Printed 
for Samuel Smith, London, 1691. From the Wellcome Library, London.) 
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FIGURE 1-2 William Cheselden, 1688-1752. In 1733 he published the 
Osteographia, the first full and accurate description of the anatomy of the human 
skeletal System. (Title page of Cheselden W: Osteographia, or the Anatomy of the 
Bones. W. Boyer, London, 1733. From the Wellcome Library, London.) 

collagen is the most common form of collagen and the major colla¬ 
gen found in skin, fascia, tendon, and bone. Type I collagen is made 
up of bundles of fibrils, which, in turn, are composed of stacked 
molécules formed from polypeptide chains arranged in a triple 



FIGURE 1-3 John Hunter, 1728-1793. ‘To know the effects of disease is to 
know very little; to know the cause of the effects is the important thing.' 
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FIGURE 1-4 Rudolf Virchow, 1821-1902. In defining disease as the cells' 
reaction to an altered environment, Virchow set the stage for modem 
medicine. He was not only a great doctor but also a great liberal politician 
and philosopher. (Photograph by J.C. Schaarwachter, 1891. From the 
Wellcome Library, London.) 


helical pattern (Figs. 1-5 and 1-6). At least 29 distinct types of col- 
lagen composed of at least 43 genetically distinct chains are now 
known, and these types vary both in size and configuration. Some 
contain interrupted helical structures aligned in a staggered array 
to form fibrils. There are also nonfiber-forming collagens, which 
hâve varying functions such as binding sites for other matrix com- 
ponents (type IX) or the régulation of vascularization (type X) or 
fiber size (type XI) (Fig. 1-7). 

Hyaline cartilage has a unique type of collagen, type II, which 
is structurally characterized by three identical triple helical a-1(11) 
chains. The type II fibrillar network, which will be discussed in more 
detail later, is essential both for maintaining the tissues volume and 
shape as well as providing articular cartilage with its tensile strength 
when subjected to compressive loads. 

Collagen synthesis is complex and includes both intracellular and 
extracellular events. During the processes of transcription and 
translation of the collagen genes, it is necessary that a number of 
intervening sequences (known as introns) are spliced out. Defects in 
this processing of bone type I collagen lead to either defective col¬ 
lagen chains or reduced amounts of collagen and the clinical disease 
of osteogenesis imperfecta. 

The protein a-chains formed first are made up of sequences 
of amino acids of which glycine occupies every third position; the 
intervening positions are frequently occupied by either proline or 
lysine, which are later hydroxylated in préparation for the formation 
of the triple hélix. (Proline and lysine hydroxylases require the prés¬ 
ence of ascorbic acid, a-ketoglutarate, Fe ++ and 0 2 . In the absence of 
vitamin C, collagen cannot be synthesized.) 


TABLE 1-1 AU Collagens 


Type 

Genes 

Structure 

Représentative Tissues 

Disorders 

1 

COL1A1, A2 

Fibrils 

Skin, bone, tendon, dentin, etc. 

Osteogenesis imperfecta, Ehlers-Danlos 
syndrome 

II 

COL2A1 

Fibrils 

Hyaline cartilage, vitreous body 

Collagenopathy, types II and XI, 
spondyloepiphyseal dysplasia (SED) 

III 

COL3A1 

Fibrils 

Skin, vessels 

Ehlers-Danlos syndrome (EDS) 

IV 

COL4A1, A2, A3, A4, 
A5,A6 

Meshwork 

Basement membranes 

Alport's syndrome, porencephaly, 
Goodpasture's syndrome 

V 

COL5A1, A2, A3 

Fibrils 

Hamster lung cell cultures, fêtai membranes, skin, 
bone, placenta, synovial membranes 

Ehlers-Danlos syndrome (classic type) 

VI 

COL6A1, A2, A3 

Short chain 

Vessels, skin, intervertébral dise, placenta, heart 

Ulrich myopathy, Bethlem myopathy 

VII 

COL7A1 

Long chain 

Dermo-epidermal junction 

EDS, epidermolysis bullosa 

VIII 

COL8A1, A2 

Short chain 

Descemet membrane, endothélial cells 

Corneal dystrophies 

IX 

COL9A1, A2, A3 

Short chain 

Cartilage spécifie hyaline cartilage, vitreous humor 

Multiple epiphyseal dysplasia, Stickler 
syndrome 

X 

COL10A1 

Short chain 

Cartilage spécifie growth plate (hypertrophie 
cartilage) 

Schmidt's metaphyseal dysplasia 

XI 

COL11A1, A2 

Fibrils 

Hyaline cartilage 

Collagenopathy, types II and XI, Stickler 
syndrome 

XII 

COL12A1 

? 

Embryonic skin and tendon, periodontal ligament 

? 

XIII 

COL13A1 

Short chain 

Endothélial cells, fibroblast, blood vessels 

? 

XIV 

COL14A1 

Glycoprotein 

Fêtai skin and tendon 

? 

XV 

COL15A1 

Interrupted 

collagen 

Embryonic organs 

? 

XVI 

COL16A1 

FACIT 

? 

? 


(Continued) 
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TABLE 1-1 AU Collagens—cont'd 


Type 

Genes 

Structure 

Représentative Tissues 

Disorders 

XVII 

COL17A1 

Transmembrane 

Basement membrane 

Epidermolysis bullosa 

XVIII 

COL18A1 

Multiplexin 

Vasculature 

Knobloch's syndrome 

XIX 

COL19A1 

FACIT 



XX 

COL20A1 

Short chain 

Cornea 


XXI 

COL21A1 

FACIT 

Skeletal muscle and heart 


XXII 

COL22A1 

FACIT 

Tissue junctions 


XXIII 

COL23A1 

Transmembrane 

? 

? 

XXIV 

COL24A1 

? 

Bone, retina 

(Marks embryonic bone formation) 

XXV 

COL25A1 

Fibril 

Brain spécifie 

Alzheimer amyloid plaque component 
(senile Alzheimer's d isease) 

XXVI 

COL26A1 

Multiplexin 

Utérus 

? 

XXVII 

COL27A1 

Fibril 

Brain, lung 


XXVIII 

COL28A1 

FACIT 

Lung 


XXIX 

COL29A1 

FACIT 

Skin, lung 



FACIT, Fibril-associated collagens with interrupted triple-helix. 


The fiber-forming collagens are well suited to resist the effect of 
pulling, that is, tension; thus the matrix of tendons and ligaments 
is mainly type I collagen. However, the fiber-forming collagens do 
not resist bending or compression well, and because the matrices of 
both bone and cartilage are subjected to these latter types of forces, 



FIGURE 1-5 Schematic diagram of ïntra- and extracellular collagen 
synthesis. In the pro-oc-chain, glycine occupies every third position. 
Commonly, -x- and -y- are lysine and proline. Cleavage of the N and 
C terminal fragments is an essential step in collagen fiber formation. 


they contain stiffening substances. In bone, the stiffening substance 
takes the form of a microcrystalline analog of géologie hydroxyapa- 
tite: Ca 10 (PO 4 ) 6 (OH) 2 (Fig. 1-8). (The crystals in mineralized bone 
are too small to be seen by light microscopy, being approximately 
only 2 x 2 x 25 nm in size, but they can be visualized by électron 
and atomic force microscopy.) The apatite crystals provide strength 
in compression, although, as would be expected, they are weak in 
bending and tension. 

During development and aging, the relative minerai content of the 
bone increases, whereas the water content decreases. The perfection 
and size of the hydroxyapatite crystals in the bone also increases 
with âge. (In addition to its mechanical functions the minerai also 
has a primary rôle to play in calcium homeostasis [see Chapter 8].) 

In articular cartilage, the filler between the collagen fibers is com- 
posed of large, negatively charged macromolecules, the proteogly- 
cans (PGs) (Fig. 1-9). These are a group of heterogenous molécules 
consisting of protein chains and attached carbohydrates that hâve a 
sticky gel-like quality. The major PG in cartilage is aggrecan, which 
contains a protein core that has a molecular weight (Mr) of approxi¬ 
mately 215,000 and to which carbohydrate side chains (keratan and 
chondroitin sulfate) are attached. The aggrecan molécules interact 
with hyaluronan and this interaction is stabilized by link protein 
(Fig. 1-10). As many as 200 individual aggrecan molécules (sub- 
units) bind to one hyaluronic acid chain (Mr 1-2 x 10 6 ) to form a 
giant aggregate (Mr 5 x 10 7 to 5 x 10 8 ). 

PGs are highly charged molécules, often attached to collagen fibrils, 
which bind water, and this water accounts for approximately 70% of 
the wet cartilage tissue mass (Fig. 1-11). PGs in solution can expand 
to 50% of their volume. However, within hydrated cartilage the expan¬ 
sion of the PGs is restricted by the collagen network to approximately 
20% of the maximum possible. The swelling (hydrolic) pressure thus 
created within the cartilage resists applied compressive loads. 

When cartilage is loaded, some water is extruded; removal of the 
load permits the imbibing into the tissue of more water, together 
with essential nutrients, until the swelling pressure of the PGs is 
again balanced by the résistance of the collagen network. 

The aggrecan shows an age-related decrease in size and enrich- 
ment in keratan sulfate relative to chondroitin sulfate. Associated 
with these changes is cartilage déhydration. 
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Photomicrograph 


»WSSm 




Microfibrils 



Electron micrograph of collagen fibril 
to show repeat banding pattern 


Triple helical collagen molécule 
|--- 280 nm - 


FIGURE 1-6 Collagen structure. On microscopie examination of ligamentous tissue, stained with H&E, the wavy homogenous strands of pink material 
represent bundles of type I collagen fibers.The collagen molécule is a triple hélix formed of polypeptide chains, which in turn are formed of repeating tripeptide 
sequences of glycine-x-y-glycine-x-y, etc., in which x and y are frequently proline and lysine. Visualized by transmission électron microscopy, the individual 
collagen fibrils are seen to hâve regular light and dark bands. As can be seen from the drawing, the bands resuit from the gaps between the individual molécules 
of collagen, which then overlap the adjacent molécules. 


In addition to aggrecan, cartilage contains smaller PGs that contain 
dermatan sulfate (e.g., biglycan, decorin, fibromodulin, lumican). These 
PGs are présent in lower concentrations than aggrecan, they bind 
growth factors and thus play a rôle in tissue metabolism and may also 
hâve a rôle in preventing joint adhesions. In older individuals, they show 
increasing concentration, especially in the superficial layers. 


Articular cartilage also contains other extracellular noncollage- 
nous proteins. Anchorin is a protein on the surface of chondrocytes 
involved in binding of these cells to extracellular matrix components, 
possibly transmitting information on matrix loading to chondrocytes. 
Fibronectin, thrombomodulin, thrombospondin, cartilage oligomeric 
matrix protein, cartilage-associated protein are found in cartilage, 


DISTRIBUTION OF COLLAGEN TYPES IN CONNECTIVE 
TISSUE MATRICES AS % OF TOTAL COLLAGEN 


FIGURE 1-7 The distribution of the most common 
collagens in various tissues. 
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BONE IS A COMPOSITE MATERIAL 


B 



FIGURE 1-8 Electron micrographs of bone minerai crystals. A, At a magnification factor of x 101,500, the fine crystal structure can be seen overlying the 
collagen fibrils. B,At higher magnification, x 2,110,000, the lattice formation of the crystals can be appreciated. (The various stains for demonstrating calcium 
salts in undecalcified sections are described in Chapter 2.) C,The solid matter of bone is distributed as shown in this pie chart. About 10% to 11% of total bone 
mass is attributable to water. 
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FIGURE 1-9 Schematic représentation of proteoglycan synthesis. 


but their précisé functions are not yet known. The possible arrange¬ 
ment of some of these components within the cartilage matrix is 
shown schematically in Figure 1-12. 

The matrix components of the connective tissues are manufac¬ 
turée! as well as regulated by cells that themselves occupy only a small 
volume of the tissues. Nevertheless, these cells, that is, fibroblasts 
(cells that produce fibrous tissue, including ligaments and tendons), 
osteoblasts (cells that produce bone), and chondroblasts (cells that 



FIGURE 1-10 Structure of aggrecan. The proteoglycan (PG) aggrecan is 
made up of a polypeptide chain interspersed with extended régions, to 
which are attached sulfated glycosaminoglycan side chains (keratan sulfate 
and chondroitin sulfate). The PG aggrecan associâtes with hyaluronic acid in 
association with link protein. Up to 200 aggrecan molécules can associate 
with hyaluronic acid to form a large molecular aggregate that is highly 
charged, and pulls water into the tissue. 
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FIGURE 1-11 Electron microscopie examination of cartilage demonstrates 
amorphous electron-dense deposits of proteoglycan between and attached 
to collagen fibers (x 102,900). 

produce cartilage), are essential to the production and maintenance 
of a healthy matrix. Disturbances in cell function may lead to an alter¬ 
ation in the rate of matrix synthesis or to the production of abnormal 
matrix constituents, as well as to altered breakdown. The breakdown 
of matrix constituents, either as a resuit of normal turnover or disease, 
occurs through the action of enzymes that may be derived either from 
the connective tissue cells themselves, from synoviocytes, or from 
blood-borne inflammatory cells. 


FIGURE 1-12 Schematic illustration of the possible arrangement of collagen 
matrix constituents in hyaline cartilage. 


Bones 


GROSS STRUCTURE AND FUNCTION 

Each bone has a limiting surface shell or cortex. Enclosed by the 
cortical shell are plates and rods of bone tissue variously known as 
spongy, cancellous, or trabecular bone (Figs. 1-13 and 1-14). 



Proteoglycan 

‘aggrecan’ 


Collagen IX 

Proteoglycan 

PG-S2 

(decorin) 


PG-S1 

(biglycan) 


148 kDa 
(CMP) 

Anchorin 
36 kDa 
protein 

58 kDa 
protein 


Link protein 


Hyaluronan 


59 kDa protein 
(fibromodulin) 


Collagen II 



FIGURE 1-13 A, Cleaned and macerated 
specimen of a lower fémur demonstrates 
both the decrease in cancellous bone and the 
thickening of the cortex as one approaches the 
diaphysis. B, Radiograph of the same specimen. 
Note the arrangement of the trabecular bone as 
well as the horizontal plate of bone that marks 
the site of the cartilage growth plate—the 
‘epiphyseal scar.' 
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FIGURE 1-14 A, Close-up view of cancellous bone structure. B, Scanning électron micrograph (x 400). Note the packed collagen fibers of the matrix. 
C, Schematic représentation of the perforated plates and the connecting rods of bone in the cancellous bone. 


Cortical thickness varies considerably, both within a single bone 
and among different bones. For example, in normal adult verté¬ 
bral bodies the cortex is very thin, whereas in the long bones, the 
cortex in the mid-diaphysis may reach more than a quarter inch in 
thickness. Even in a long bone, there is great variation in thickness 
between the ends of the bone (in which the cortex is thin) and the 
midshaft (in which the cortex is thick). 

A moment s reflection will make the reason for these différences 
obvious. The thick cortical bone is well suited to resist bending, and 
it is in the middle of the long bones that this force is maximal. In 
contrast, the cancellous bone is concentrated where compressive 
forces predominate, that is, in the vertébral bodies and expanded 


ends of long bones. Thus, the architecture of the bone reflects its 
function. This concept is summarized in Wolffs law, which can be 
simply stated as: ‘Every change in the functional loading of a bone 
is followed by certain definite changes in internai architecture and 
external conformation (Fig. 1-15). As demonstrated in Figure 1-15D, 
a finite element analysis of the mathematical prédictive strains act- 
ing on the proximal fémur reveal a distribution similar to that seen 
in the imaging studies. It will be seen later that the microscopie 
arrangement of the constituents of the extracellular matrix, in the 
bone and ail other connective tissues—for example, cartilage, ten¬ 
don, meniscus, intervertébral dise—are no less precisely organized 
to fulfill their mechanical function. 
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FIGURE 1-15 A, Wolff's law is well demonstrated in the head and neck of the fémur, in which the bone trabeculae radiate from the articular surface down 
onto the médial cortex of the fémoral neck (the calcar), which is much thicker than the cortex on the latéral side of the fémoral neck. B, In this slice through the 
upper end of the fémur, the marrow fat has been washed out of the specimen to demonstrate the distribution of the cancellous bone. C, Perhaps the best way to 
demonstrate clearly the arrangement of the bone trabeculae is by radiography of the specimen. D, Bone density distribution within the proximal fémur predicted 
by itérative finite element analysis, based on the strain energy density (related to stresses) produced by three loading conditions représentative of everyday 
activities. (D fromWeinans H, Huiskes R, Grootenboer HJ:The behavior of adaptive bone-remodeling simulation models.J Biomech 25:1425-1441,1992.) 


Bones are often compartmentalized by the morphologist into 
three indistinct zones: the epiphysis—the région between the 
articular end of the bone and the growth plate (or physis); the 
metaphysis—the région immediately below the growth plate (in 
the growing animal, the area of growth and most active modeling); 
and the diaphysis—the région between the metaphyses (i.e., the 
shaft of the long bones). Epiphysis, metaphysis, and diaphysis are 
useful descriptive terms, because many diseases predilect one or 
other of these compartments (Fig. 1-16). 

Periosteum 

Except at the musculotendinous insertions and at their articular 
ends, the bones are covered by a firmly attached thin but tough 


fibrous membrane, the periosteum. At the articular margins and 
tendinous insertions, the periosteum blends imperceptibly with the 
surface fibers of the articular cartilage, tendon, or ligament. 

The periosteum is attached to the surface of the bone cor¬ 
tex by collagen fibers (the fibers of Sharpey). Where these fibers 
enter the bone, they are encrusted with minerai (hydroxyapatite), 
which cements them into the bone (Fig. 1-17). For this reason, any 
attempt at séparation of the periosteum from the bone, especially 
in an adult, requires physical tearing of these fibers. (In children, 
the periosteum is only loosely attached to the underlying bone, 
whereas in adults, it is firmly attached. Thus the amount of post- 
traumatic periosteal reaction is much greater in children than in 
adults [Fig. 1-18].) 
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FIGURE 1-16 Bone compartments in the fémur. 


On microscopie examination, the periosteum is seen to hâve 
two layers: an outer fibrous layer and an inner cambium layer that 
has the potential to form bone (Fig. 1-19). In growing children, the 
cambium layer provides for the increasing diameter of the bone. In 
adults, the bone-forming potential of the periosteum is reactivated 
by trauma, infection, and growing tumors. 




FIGURE 1-17 The fibers of Sharpey are direct continuations of the periosteal 
collagen fibers around which the circumferential lamellae of the cortical bone 
hâve grown, thus firmly anchoring the periosteum. 


Blood Supply 

The blood supply of the bone has been studied in cadaveric spéc¬ 
imens by injection of latex or other substances into the arteries 
or veins, or both, and the results hâve been published in several 
atlases. These studies hâve shown that many capillaries enter the 
bone through the periosteum. This periosteal blood supply aug- 
ments the principal nutrient arteries, which enter the medullary 
cavity by penetrating the cortex (usually at about the middle of the 
diaphysis), and the epiphyseal and metaphyseal vessels at the ends 
of the bone (Figs. 1-20 and 1-21). 

The intraosseous veins are distinctly different from the arteries in 
being much more tortuous and having a significantly wider caliber. 



FIGURE 1-18 Photomicrograph of periosteal new bone in a child produced by the cambium layer of the periosteum following trauma (H&E, x 4 obj.). In a 
child, the periosteal new bone formation following trauma is abundant because of the weak attachment of the periosteum. 
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FIGURE 1-19 Photomicrograph of the periosteum and underlying cortical bone. Note the more cellular inner or cambium layer of the periosteum, which is 
more active in producing bone (H&E, x 25 obj.). 



FIGURE 1-20 Diagram of several sources of blood supply to the bone. 


BONE CELLS 

Bone matrix is synthesized by a layer of osteoblasts on the bone sur¬ 
face (Figs. 1-22 and 1-23). The osteoblasts are mesenchymal in ori- 
gin and characterized by their abundant endoplasmic réticulum and 
their production of the enzyme alkaline phosphatase. The rate of 
matrix production at the time of biopsy can be approximated by the 



FIGURE 1-21 Coronal section of upper fémur in an immature subject 
showing blood supply. Note separate vascular supply to metaphysis, fémoral 
epiphysis, and trochanteric apophysis. (Courtesy of H.V. Crock.) 


size of the osteoblasts. ‘Active’ osteoblasts are plump, whereas fiat 
cells that line the bone surface can be considered quiescent or ‘inac¬ 
tive’ (Fig. 1-24). The point at which an ‘inactive’ cell becomes an 
‘active’ cell is necessarily a subjective détermination. 

As the osteoblasts produce bone matrix and the matrix min- 
eralizes, the osteoblasts become surrounded by the mineralized 
matrix, and are thus buried within the substance of the bone. By this 
process, the osteoblasts become ostéocytes (Figs. 1-25 and 1-26). 
(Because the spacing of the ostéocytes is so obviously different from 
the closely packed osteoblasts on the surface, it is évident that not 
ail osteoblasts on the surface are buried to become ostéocytes. Some 
osteoblasts die via programmed cell death [apoptosis].) 
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FIGURE 1-22 Photomicrograph of an actively forming bone surface. A layer 
of fiat active osteoblasts with abundant basophilie cytoplasm lines the 
smooth formative surface (Compare with Fig. 1-24) (H&E, x 25 obj.). 



FIGURE 1-23 Photomicrograph of an undecalcified specimen showing a 
layer of active, plump osteoblasts at a bone surface. The layer of red-stained 
tissue beneath the osteoblastic layer represents unmineralized matrix 
or osteoid.The green-staining material represents calcified bone matrix 
(Goldner stain, x 10 obj.). 
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FIGURE 1-24 Photomicrograph showing a layer of‘inactive/ flattened 
osteoblasts at the bone surface (H&E, x 10 obj.). 



FIGURE 1-25 Transmission électron photomicrograph to demonstrate 
an active osteoblast on the bone surface. The cytoplasm is rich in rough 
endoplasmic réticulum. Underlying the cell is a thin layer of nonmineralized 
collagenous matrix (osteoid), which, in H&E sections, would be seen as a 
smooth, pink layer on the bone surface. Directly under the osteoid seam is 
a dark layer of mineralized bone containing an osteocyte (x 10,000). 


The ostéocytes are connected with each other and with osteo¬ 
blasts on the surface of the bone by a sériés of cell processes that 
run through canals, the osteocytic canaliculi, permeating the bone 
tissue (Figs. 1-27 to 1-30). The syncytium of ostéocytes that perme- 
ate the bone probably plays an important rôle in physiologie calcium 
homeostasis, and may also act as a sensing device to regulate skel- 
etal mechanical homeostasis in accordance with Wolffs law. (The 
osteocytic canaliculi do not cross the cernent lines [see Fig. 1-39 for 
a description of cernent lines].) Ostéocytes produce different non- 
collagenous proteins than osteoblasts and can be distinguished by 
their production of dentin matrix protein 1 and sclerostin. 

Associated with the osteoblasts that are actively forming bone matrix, 
a thin layer of nonmineralized bone matrix (osteoid), normally approx- 
imately 10 pm thick, séparâtes the cellular layer from the underlying 
mineralized matrix (Fig. 1-31). The period between the déposition and 
subséquent mineralization of the organic matrix, the mineralization lag 
tirne,’ has been estimated to be about 10 days. (The microscopie identi¬ 
fication of nonmineralized bone matrix is a key factor in the diagnosis 
of certain metabolic disturbances of bone; however, its récognition 
dépends on the préparation of undecalcified sections.) 

On microscopie examination, the actively forming bone surfaces, 
as well as the inactive formed surfaces, are smooth. However, some 
bone surfaces hâve an irregular or gnawed out’ appearance, and 
these surfaces either are actively resorbing or hâve been resorbed 
(Fig. 1-32). The cells responsible for résorption are the osteoclasts— 
large, multinucleated cells with abundant cytoplasm, which lie in 
cavities (Howships lacunae) on the bone surface (Figs. 1-33 and 
1-34). (Although the osteoclast is usually a multinucleate cell, mono- 
nuclear forms of resorbing cells may also be seen.) Osteoclasts are 
derived from monocyte/macrophage precursors that are recruited 
to the bone microenvironment where locally produced cytokines 
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FIGURE 1-26 Transmission électron 
photomicrograph demonstrating portions of the 
cytoplasm of two active osteoblasts lying upon 
a mineralizing osteoid seam. Within the osteoid 
seam (lower left) is a newly formed osteocyte 
(x 10,000). 



FIGURE 1-27 A, Photomicrograph to demonstrate the general disposition of the osteocytic canaliculi through which run the osteocytic processes. These processes 
join the ostéocytes into a network that has attachments to the cells at the bone surface (H&E, x 10 obj.). B, High power of ostéocytes at the surface (H&E, x 25 obj.). 
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FIGURE 1-28 Photomicrograph of ostéocytes and osteocytic canaliculi seen by transmitted light in ground bone section (x 25 obj.). 











FIGURE 1-29 Scanning électron photomicrograph demonstrating the 
ostéocytes and their connecting canaliculi (x 750). 



FIGURE 1-30 Electron photomicrograph of a portion of an osteocytic 
process in an osteocytic canaliculus in mineralized bone (x 50,000). 



FIGURE 1-31 Photomicrograph of a section of undecalcified bone showing 
on the upper surface a prominent layer of active osteoblasts lying on an 
osteoid seam, with underlying mineralized bone. On the lower surface is an 
irregular resorbed surface, which in the left hand portion is filling in with new 
bone (von Kossa, x 25 obj.). 



FIGURE 1-32 Photomicrograph showing active bone résorption in a 
tunneling pattern (H&E, x 10 obj.). 
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FIGURE 1-33 Photomicrograph showing an osteoclast in a Howship's lacuna. Osteoclasts are identified by their abundant cytoplasm and multiple nuclei 
(Goldner stain, x 50 obj.). 
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FIGURE 1-34 Scanning électron micrograph of an osteoclast on a bone slice. 
Adjacent to and partially obscured by the osteoclast is a surface excavation 
of the bone slice, which was produced by the osteoclast during an 18-hour 
incubation period (x 1,500). (Courtesy of T. J. Chambers.) 



FIGURE 1-35 Transmission électron photomicrograph of a portion of an 
osteoclast and its ruffled border in intimate contact with the mineralized 
surface of the bone. Within the cytoplasm there are abundant mitochondria 
with interspersed Golgi apparatus (x 15,000). 


and growth factors induce their différentiation into actively resorb- 
ing osteoclasts. Cells expressing the full morphologie and functional 
properties of mature osteoclasts are restricted to the immédiate 
bone surface. 

Electron microscopy reveals that the osteoclast has a ruffled 
border adjacent to the bone and contains many lysosomal bodies, 
mitochondria, and vesicular inclusions (Fig. 1-35). 

Bone remodeling, the coordinated balance of bone formation 
and bone résorption, is regulated by systemic hormones (Table 1-2), 
blood-derived factors, and local mediators (Table 1-3). In addition to 
their direct effect on the skeletal tissue, hormones may also regulate 
the synthesis, as well as the effects, of the local mediators. An impor¬ 
tant mediator of osteoclastic résorption is nuclear factor kappa-B 


ligand. Its receptor (receptor activator of NF kappa-B or RANK) is 
expressed on the surface of osteoclasts and binding of RANK ligand 
to RANK results in osteoclast maturation and activation. Important 
local mediators of bone formation are the growth factors immobi- 
lized in the bone matrix, which are released by osteoclastic activity. 

The established biochemical markers of bone turnover include 
sérum alkaline phosphatase, sérum osteocalcin (bone Gla protein), 
collagen N- and C-telopeptides, and the urinary excrétion of cal¬ 
cium and collagen breakdown products, such as hydroxyproline or 
cross-linked collagen peptides. These cross-linked peptides are the 
most spécifie because they are only formed after synthesis is com¬ 
plété. Further discussion of the biochemical control of bone turn¬ 
over is found in Chapter 7 and of calcification in Chapter 8. 


TABLE 1-2 Systemic Mediators in Cell Synthesis and Breakdown 


Systemic Mediators (Hormones) 

Site of Action 

Mode of Action 

Polypeptide Hormones 

Parathyroid hormone (PTH) 

Osteoblast 

?Pre-osteoblast 

Osteoclast (indirect) 

Anabolic effect with T rate of bone formation 

Anabolic effect with T rate of bone formation 

Résorption via î osteoclastic activity effected by secondary messenger 

Calcitonin (CT) 

Osteoclast 

Inhibitory i résorption 

Insulin 

Osteoblast 

Chondroblast 

?Osteoclast 

Stimulâtes matrix synthesis 

Stimulâtes matrix synthesis 

Régulâtes bone résorption 

Growth hormone (GH) 


May hâve an effect secondarily by stimulating the production of insulin-like 
growth factor by skeletal cells 

Steroid Hormones 



1,25-Dihydroxyvitamin-D3 

[1,25(OH) 2 D3] 

Osteoblast 

Stimulâtes the synthesis of osteocalcin leads to T bone résorption 

Inhibits bone collagen synthesis 

Glucocorticoids 

Pre-osteoblast 

Increased bone résorption, possibly indirect effect via î PTH 

Decreased matrix synthesis 

Sex steroids 

Indirect action. Mediated by 
other hormones? 

Important in skeletal maturation and in preventing bone loss during ageing 
process 

Thyroid Hormones 




Chondroblasts? 

Necessary to normal growth and development, especially cartilage 

In adult T thyroid causes increased bone résorption 
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HISTOLOGY 
Mature Bone 

In mature bone tissue the collagen fibers of the matrix are arranged 
in layers or leaves (hence the term ‘lamellar bone’), and in each of 


these layers, the collagen bundles lie parallel to each other (Fig. 
1-36). However, the orientation of the collagen bundles changes 
from one layer to the next, in a similar way to the layers in ply- 
wood (Fig. 1-37). In this manner, bone tissue gains much of its 
strength. 


TABLE 1-3 Local Mediators in Cell Synthesis and Breakdown 


Local Mediators Site of Action Mode of Action 


Growth Factor Polypeptides Synthesized by Bone Cells 

Insulin-like growth factor 1 (IGF-1) (somatomedin) 

Pre-osteoblast 

Osteoblast 

Transforming growth factor (3 (TGF(3) 

Pre-osteoblast 

Osteoblast 

Fibroblast growth factor (FGF) 

Pre-osteoblast 

Platelet-derived growth factor (PDGF) 

Pre-osteoblast 

Blood Cell-Derived Factors 


lnterleukin-1 (IL-1 ) 

Pre-osteoblast 

Osteoblast 

Tumor necrosis factor (TNF) 

Pre-osteoblast 


Increased cell réplication 
Increased matrix synthesis 

Increased cell réplication 
Increased matrix synthesis 

Increased cell réplication 

Bone cell réplication and bone résorption 

Stimulâtes bone cell réplication. In low doses may also stimulate matrix 
production directly. Also stimulâtes bone résorption indirectly. 

Increased cell réplication. Stimulâtes bone résorption, possibly indirectly. 




FIGURE 1-36 Segment of trabecular bone microscopically examined with polarized light (x 10 obj.). Although at first sight, the bone tissue appears as a 
seamless structure, it is made up of individual fragments that are joined at the cernent lines. 



FIGURE 1-37 A, Diagrammatic représentation of the layered (lamellar) appearance of bone shows how the alternating dark and light layers seen in Figure 1-36 
are explained by the change in direction of the collagen fibers in each layer. B, Scanning électron photomicrograph demonstrating collagenous lamellae (layers) 
of the bone with the ostéocytes between the lamellae (x 500). 
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FIGURE 1-38 A, Schematic diagram of some of the main features of the microstructure of mature cortical bone. Note the general construction of the osteons, 
and the distribution of the osteocytic lacunae, the haversian canals, and their contents. B, Photomicrograph of cortical bone shows lamellae surrounding 
haversian canals to form osteons. In addition, it shows the periosteal surface with a penetrating periosteal vessel (H&E, x 4 obj.). 


In cortical bone, the layers are formed concentrically around a 
vascular core (haversian canal) to form an osteon (Fig. 1-38). On 
microscopie examination, it becomes apparent, in sections stained 
with hematoxylin and eosin, that surrounding each osteon and 
irregularly distributed throughout the trabecular bone there are 
distinct deep blue Unes. These Unes are the cernent Unes (Fig. 1-39). 
When histologie sections are examined microscopically using 
polarized light, a discontinuity of the collagen is seen on either side 
of the cernent line. From these observations, it can be inferred that 
the bone is constructed of myriads of separate pièces like a three- 
dimensional jigsaw puzzle. (The size of these bone packets will 
affect bone strength because fracture propagation tends to occur 


along the cernent Unes. For this reason, the dense bone seen in 
Paget s disease or osteopetrosis is paradoxically weaker than nor¬ 
mal bone.) 

Primary osteons are formed in the infant by the bony ingrowth 
of periosteal blood vessels, which follow a cutting cône’ of osteo- 
clasts that tunnel through the existing cortex. The tunnel thus 
formed then becomes partially filled in by layers of bone matrix, 
the most recently formed layer being that adjacent to the vessel. 
Subséquent secondary osteons are formed during the process of 
bone modeling by the outgrowth of vessels from existing haver¬ 
sian Systems, each of which are preceded by a cluster of osteoclasts 
(Fig. 1-40). 




Cernent line 


FIGURE 1-39 A, Photomicrograph of a 
portion of the cortical bone in a cross- 
section. The cernent lines are not easy to see; 
however, the changes in direction of the bone 
lamellae give some indication of the cernent 
lines (H&E, Nomarski optics, x 10 obj.). B, The 
same histologie field photographed using 
polarized light. The structural discontinuity 
between the various osteons is now seen 
clearly as dark lines that correspond to 
cernent lines. (Cernent lines may stain blue 
on H&E sections but are often difficult to 
see.) 
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FIGURE 1-40 A, Photomicrograph of a portion of the cortical bone shows a cutting cône. Osteoclasts at the advancing head of the cône are followed by 
active osteoblastic activity behind (von Kossa, x 10 obj.). B, In this photomicrograph obtained at a higher magnification, the osteoclastic résorption can be 
more clearly appreciated (H&E, x 25 obj.). 


Immature Bone 

In addition to mature lamellar bone, another form of mineralized 
tissue exists in which the collagen matrix is irregularly arranged in a 
loose woven pattern resembling the warp and woof threads in a fab- 
ric (Figs. 1-41 and 1-42). The cells within this matrix are larger, more 
rounded, and doser together than those seen in lamellar bone. This 
type of mineralized tissue, which has been variously called woven 
bone, primitive bone, fiber bone, or immature bone, is seen dur- 
ing development, in fracture callus, in bone-forming tumors, and in 
conditions characterized by a highly accelerated rate of bone turn¬ 
over (e.g., Pagets disease and hyperparathyroidism). Its récogni¬ 
tion by the pathologist is important because it usually indicates the 
presence of a disease process. 

Marrow 

The limited tissue space in the haversian canals of the cortical bone 
is occupied by fat and neurovascular tissue; in the much ampler tis¬ 
sue space of the cancellous bone in addition to fat and neurovascu¬ 
lar tissue, there is often hematopoietic tissue. Hematopoietic tissue 
is found in ail of the bones at birth, but with maturation, it becomes 
largely confined to the axial skeleton, that is, the skull, ribs, vertébral 


column, sternum, and pelvic girdle. The appearance of cellular mar- 
row at other sites during adult life is abnormal and warrants inves¬ 
tigation. In areas where hematopoietic tissue is normally présent, 
the ratio of fat to hematopoietic tissue is about equal (Fig. 1-43). An 
increase or decrease in this ratio may indicate hématologie disease. 
(Interestingly, although in older individuals as well as certain dis¬ 
ease States hyperplastic marrow may reappear in the long bones, it 
is often arrested at the site of the closed epiphyseal plate.) 


Joints 


GROSS STRUCTURE 

The junction between adjacent bones is known as a joint. Of the 
three different types of joints, the most common is the diarthrodial 
joint, which is cavitated to form a freely movable connecting unit 
between two bones (Figs. 1-44 and 1-45). Hyaline cartilage (articular 
cartilage) covers the articulating surfaces of the diarthrodial joints; 
the exceptions are the sternoclavicular and temporomandibular 
joints, which are covered by fibrocartilage. 




FIGURE 1-41 Photomicrograph of immature bone from a patient with osteogenesis imperfecta. Note the crowded, oval to round ostéocytes (H&E, x 10 obj.). 
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FIGURE 1-42 Photomicrograph of immature bone taken with polarized light 
demonstrates the irregular woven appearance of the collagenous matrix 
(H&E, x 10 obj.). 


FIGURE 1-44 Diagram of the knee joint. The radiologie joint space consists 
of the radiolucent articular cartilage plus the joint cavity. 



FIGURE 1-43 Photomicrograph showing the relationship of bone tissue to 
bone marrow. Normally the ratio of fat to hematopoietic tissue, in bones 
containing hematopoietic tissue, is 1:1. As clearly shown in this photograph, 
the marrow immediately around the bone trabeculae is usually devoid of 
hematopoietic tissue (H&E, x 1.25 obj.). 


The function of a diarthrodial joint has three characteristics: 

• The freedom of the articulating surfaces to move over each 
other 

• The ability to maintain stability during use 

• A proper distribution of stress through the tissues that com¬ 
prise the joint so that they are not damaged. 

These aspects of joint function dépend upon: 

• The shape of the articulating surfaces of the joint (Fig. 1-46) 

• The integrity of the ligaments, muscles, and tendons that 
support the limb 

• The cellular control of the mechanical properties of the matri¬ 
ces of the bone, cartilage, and the other tissues that together 
comprise the joint structure. 

The second type of joint is the amphiarthrodial joint or sym- 
physis, which is characterized by limited mobility, and exempli- 
fied by the intervertébral dise (Fig. 1-47) and symphysis pubis. 
The intervertébral dise is a fibrocartilaginous complex that forms 
the articulation between the vertébral bodies. It contributes to the 
mobility and stability of the spine as well as to the transmission 



FIGURE 1-45 Magnetic résonance imaging (MRI) facilitâtes visualization of articular cartilage.The lamellated appearance shown in this sectioned patella (A) 
reflects the varying water content, the zone of calcification, and possibly the collagen orientation at the surface. B, A clinical MRI scan of a knee joint shows 
cartilage thinning and fibrillation in the latéral compartment ( left ) when compared with the médial compartment. 
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FIGURE 1-46 The shape of the joint détermines (1) the freedom of the joint 
surfaces to articulate; (2) the stability of the joint; and (3) the distribution of 
stress on the tissues. A, Does not allow acceptable freedom of movement. 

B, Permits total freedom of movement but is unstable. C, Allows freedom 
of movement and is stable. However, the shape is not optimal because it is 
completely congruent and does not provide space between the articulating 
surfaces for lubrication or nutrition. When the joint is loaded, the stress is 
not equally distributed over the joint surfaces. D, Is the optimal shape for 
a joint because it is stable, it articulâtes easily, and there is some space 
between the joint surfaces so that the synovial fluid can move into the joint 
space to provide for the nutrition of the cartilage cells and the lubrication of 
the surfaces. This shape also distributes an increasing load equally, because 
the deformability of cartilage and bone enables the tissues to respond and 
conform to the stresses imposed on them. 



FIGURE 1-47 Intervertébral dise seen from above. Note the circumferential 
fibers in the annulus fibrosus.The nucléus pulposus ( center ) is rich in 
proteoglycan and water, and acts to resist compression. The circumferential 
fibers of the annulus prevent latéral displacement of the nucléus. 

of load. It should be noted that dise height is not the same in ail 
segments of the spine; the cervical and thoracic dises are flatter 
than those of the lumbar région. Disc height also varies from front 
to back, relative to the curvature of the spine. With âge, the dise 
becomes dehydrated and gets thinner. 


The intervertébral dise can be divided into two components: an 
outermost fibrous ring (annulus fibrosus) and within a gelatinous 
core (nucléus pulposus). The annulus, if viewed from above, con- 
tains layers of fibrous tissue arranged in concentric circles. In each 
layer, the collagen fibers extend obliquely from vertébral body to 
vertébral body, with the fibers of one layer running in a direction 
opposite to that of the adjacent layer. The arrangement of the alter¬ 
natif layers provide for motion that is universal in direction, that 
is, flexion-extension-lateral bending and rotation (Figs. 1-48 and 
1-49). The fibers of the annulus are attached by Sharpeys fibers into 
the bony end-plates of the adjacent vertébral bodies (Fig. 1-50). The 
antérolatéral component of the annulus, where the fibrous lamellae 
are stronger and more numerous, is almost twice the thickness of 
the posterior annulus. The nucléus pulposus typically occupies an 
eccentric position within the dise space, being doser to the posterior 



FIGURE 1-48 Photograph showing frontal view of L5 with the adjacent 
intervertébral dise. Note the oblique disposition of the collagen fibers of 
the annulus fibrosus in this macerated specimen, which allows for universal 
movement between the vertébral bodies. 



FIGURE 1-49 Schematic drawing of the intervertébral dise demonstrates 
the layered arrangement of collagen fibers in the annulus. The fibers of 
each layer run at an approximately 30-degree angle to the surface of the 
vertébral body and in a direction opposite to that of the adjacent layer. 
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FIGURE 1-50 Photomicrograph showing the insertion of the fibers of the annulus fibrosus into the bone of the margins of the articular surface of the vertébral 
body. Where the collagen fibers of the annulus enter the bone (Sharpey's fibers), they are calcified (H&E stain, partially polarized light, x 4 obj.). 


Bony end plate 




FIGURE 1-52 Photomicrograph of normal nucléus pulposus.The matrix 
is loose and fibrous, with scattered small stellate cells and occasional 
chondrocytes in clumps (H&E stain, x 4 obj.). 


The third and final type of joint is the fibrous synarthrosis, such 
as the skull sutures, which are nonmovable joints filled with dense 
collagenized fibrous tissue (Fig. 1-53). 


FIGURE 1-51 Intervertébral dise. Hyaline cartilage séparâtes the tissue of 
the nucléus pulposus from that of the bone. 


margin. The tissue of the nucléus is separated from that of the bone 
of the adjacent vertebrae by a clearly defined layer of hyaline carti¬ 
lage that extends to the inner margins of the insertion of the annulus 
(Fig. 1-51). 

On microscopie examination, the nucléus pulposus shows chon¬ 
drocytes as well as stellate and fusiform cells suspended in a loose 
myxoid fibrous matrix (Fig. 1-52). 

Because no blood vessels are présent in adult dise tissue, nutri- 
ents must reach the cells by diffusion from capillaries at the dise 
margins. The restricted flow of nutrients to the nucléus and inner 
annulus may contribute to dise degeneration in the adult. 


CARTILAGE 

The articular ends of the bones are covered by hyaline cartilage, 
which is a nerveless, bloodless, firm, and yet pliable tissue. Hyaline 
cartilage deforms under pressure but slowly recovers its original 
shape on removal of pressure (i.e., it has viscoelastic properties). 

In young people, articular cartilage is translucent and bluish 
white; in older individuals, it is opaque and slightly yellowish (Fig. 
1-54). This change with âge in the appearance of articular cartilage 
is also seen in other connective tissues and is probably related to a 
number of factors, including déhydration of the tissues, increased 
numbers of cross linkages in the collagen, and the accumulation of 
lipofuscin pigment in the tissues (Fig. 1-55). 

On microscopie examination, articular cartilage is charac- 
terized by its abundant glassy extracellular matrix with isolated, 
relatively sparse cells located in well-defined spaces (lacunae). It 
may be described as having four layers or zones: the superficial 
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FIGURE 1-53 A, A photograph of the sagittal suture of the skull to demonstrate its interlocking pattern. (In the adult the sutures are generally partially 
obliterated by osseus fusion.) Photomicrographs of cranial suture: (B) section through fibrous synarthrosis (H&E stain, x 2.5 obj.); (C) same, polarized light. 



FIGURE 1-54 Fémoral head (A) from an 18-year-old adolescent shows a 
translucent bluish white cartilage and (B) from a 65-year-old patient shows 
an opaque, slightly yellowish cartilage. 


(I), intermediate (II), deep (III), and calcified (IV). In the cell-rich 
superficial layer, zone I, the cells are relatively small and fiat, ori- 
ented with their long axis parallel to the surface. In the interme¬ 
diate zone II, the cells are larger and rounder, but also sparse and 
randomly distributed. In zone III or the deeper layer, the cells are 
even larger and hâve a tendency to form radial groups that appar- 
ently follow the pattern of collagen disposition in the extracellular 
matrix. In the calcified zone, that is, adjacent to the bone, the cells 
are mostly nonviable and the matrix heavily calcified (Figs. 1-56 
and 1-57). 

That some organized fibrous System exists within normal 
articular cartilage can be easily demonstrated by pricking the 



FIGURE 1-55 Gross photographs of menisci obtained from a young (A) and 
an old patient (B). In contrast to the meniscus from the young patient, which 
has a bluish white color and is supple, the meniscus from the old patient has 
a characteristically yellowish color and would feel stiffer on palpation. 


cartilage surface with a pin; this results in a split. If the pricking 
is repeated ail over the surface, a constant pattern of split lines 
is revealed (Fig. 1-58). If the fissures reflect the internai fiber 
arrangement of the cartilage, then it can be inferred that on the 
surface, the fibers run parallel to the surface and in the general 
direction of the split line. 

If the superficial layer of the cartilage is pared away and the 
exposed surface pricked, instead of a split only a small, round hole 
appears (Fig. 1-59). If the eut edge of the cartilage is pricked, a verti¬ 
cal split line is produced and this occurs in ail planes of section (Fig. 
1-60). These experiments indicate that in the deeper layers of the 
cartilage, the fibers are predominantly vertical (Fig. 1-61). 
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FIGURE 1-56 A, The arrangement of adult articular cartilage. B, Photomicrograph of normal articular cartilage obtained from the fémoral condyle of a middle- 
aged man (H&E, x 2.5 obj.). 



FIGURE 1-57 Electron photomicrographs to illustrate the typical appearance of chondrocytes at the surface, mid-zone, and deep-zone of the articular cartilage. 
A, At the surface, the cell is typically flattened and shows more cell processes on the inferior surface (x 10,000). B, In the mid-zone, the cell is round and 
demonstrates a well-developed endoplasmic réticulum and Golgi apparatus (x 10,000). C,The deep cells show vacuolization of the cytoplasm, with shrinking 
and irregularity of the nucléus (x 10,000). 
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FIGURE 1-58 Photograph of the superior articular surface of the talus after 
the entire surface has been pricked with a pin dipped in Indian ink. Note the 
resulting pattern of split lines. 


FIGURE 1-60 A photograph of a portion of the articular cartilage that has 
been sectioned vertically to show both the eut edge and the underlying bone. 
The direction of pin pricks made on the surface can be seen and additional pin 
pricks hâve been made on the eut edge, ail of which resuit in vertical splits. 



FIGURE 1-59 Photograph demonstrating that after the outer layer of cartilage 
is removed, only a round hole appears after a pin is inserted rather than a split 

Polarizing microscopy, transmission électron microscopy, and 
scanning électron microscopy confirm that the principal orienta¬ 
tion of collagen in articular cartilage is vertical through most of its 
thickness and horizontal at the surface (Fig. 1-62). 

Electron microscopie studies show that in the surface layer of artic¬ 
ular cartilage the collagen fibers are closely packed, of fine diameter, 
and oriented parallel to the joint surface. The collagen content of car¬ 
tilage progressively diminishes from the superficial to the deep layer 
and in deeper layers the collagen fibers are more widely separated, 
thicker in diameter, and vertically aligned in such a fashion as to form 
a web of arch-shaped structures. The collagen fibers of zones II and 
III are continuous with those in the calcified layer of cartilage but not 
with those of the underlying subchondral bone. 

The very précisé organization of collagen, as already described for 
the cartilage, bone, and annulus of the intervertébral dise, serves a 



FIGURE 1-61 Model illustrating the experiments shown in Figures 1-58 to 1-60. 



FIGURE 1-62 Photomicrograph of the articular cartilage using polarized 
light and a compensating fïlter. The fibers at the surface of the cartilage are 
seen in blue, the fibers in the lower part of the cartilage in red. Between the 
two layers there is less polarization.These observations can be interpreted 
as demonstrating that at the surface the fibers are horizontally disposed, in 
the deep part of the cartilage they are vertical, whereas in between there is a 
crossover of fibers (x 10 obj.). (See also Figs. 12-57 and 12-58.) 
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mechanical function. This must also be true for ail connective tissues. 
For example, in the menisci of the knee, microscopie examination of 
carefully oriented sections has shown that the principal orientation of 
the collagen fibers is circumferential to withstand the circumferential 
tension developed during normal loading. The few small, radially dis- 
posed fibers probably act as ties to resist any longitudinal splitting of 
the menisci that might resuit from undue compression (Fig. 1-63). 


The amount of PG in the cartilage matrix relates to the local 
mechanical requirements; it varies from joint to joint, and geograph- 
ically within a single articular surface. The superficial layers of the 
cartilage contain much less PG than the deeper layers. In the deeper 
layers, there is a higher concentration of staining of the PGs with safr- 
anin O and methylene blue around the cells (the pericellular matrix) 
than between the cells (the intercellular matrix) (Fig. 1-64). 



FIGURE 1-63 A, Photomicrograph of a section eut along the length of the meniscus in its mid-zone demonstrates that the collagen fibers run circumferentially 
(polarized light, x 1 obj.). B, Cross-section of the meniscus about halfway along its length demonstrates that most of the collagen fibers are eut crossways. 
However, especially on the tibial surface ( lower ) of the meniscus, the collagen fibers are eut lengthwise, indicating their radial disposition (polarized light, x 1 obj.). 
C, Diagrammatic représentation of the distribution of collagen fibers in the meniscus of a knee. Collagen is oriented throughout the connective tissues in such 
a way as maximally to resist the forces brought to bear on these tissues. The majority of the fibers are circumferentially arranged; a few radially arranged fibers, 
particularly on the tibial surface, resist latéral spread of the meniscus. In the meniscus, tension is generated between the anterior and posterior attachments. 



FIGURE 1-64 Portion of cartilage stained by methylene blue shows intense metachromasia around the chondrocytes in the deep part of the noncalcified 
cartilage. This represents staining of the proteoglycan. There is much less staining in the interterritorial matrix than around the cell. Even less staining is seen in 
the calcified cartilage (bottom) (x 25 obj.). 
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In histologie sections stained with hematoxylin-eosin, the junc- 
tion between the calcified cartilage and the noncalcified cartilage is 
marked by a basophilie line known as the tidemark or calcification 
front, which is described in more detail in Chapter 10. This baso¬ 
philie line clearly visible in the adult is not seen during development 
(Figs. 1-65 and 1-66). 

Mechanical failure in the articular cartilage rarely, if ever, gives 
rise to the séparation of bone and cartilage. However, when failure 
occurs, it is seen as a horizontal cleft at the junction of the calcified 
and noncalcified cartilage (at the tidemark) (Figs. 1-67 and 1-68). 



FIGURE 1-65 Photomicrograph of the junction of articular cartilage with 
bone shows the deeply stained line (tidemark) that séparâtes the noncalcified 
from the calcified cartilage.This line represents the mineralization front 
of the calcified cartilage. In normal adult cartilage, it is clearly defined and 
relatively even, but in arthritic conditions the line may become widened and 
diffuse, and duplication of the line is a common finding (H&E, x 10 obj.). 



FIGURE 1-66 Photomicrograph demonstrates the tidemark at a somewhat 
higher power than in Figure 1-65. A granular appearance of the tidemark can 
be appreciated (H&E, x 25 obj., Nomarski optics). 


Presumably, shear failure occurs at the tidemark due to the consid¬ 
érable change in the rigidity of the cartilage at this junction. 

At their insertions, ligaments and tendons are also calcified, and 
just as the calcified cartilage layer is keyed into the irregular surface 
of the underlying bone (Fig. 1-69), so are the calcified insertions of 
ligaments (Fig. 1-70). 

In addition to hyaline cartilage of which articular cartilage is com- 
posed, two other forms of tissue incorporating the term cartilage’ 
hâve been described histologically. Fibrocartilage is a tissue in which 
the matrix contains a high proportion of collagen, but the cells are 
rounded with a halo of PG around them. It is found at the inser¬ 
tions of ligaments and tendons into the bone (Fig. 1-71), and on the 
inner side of tendons as they angle around pulleys, for example, at the 
malleoli. Fibrocartilaginous metaplasia is présent in injured meniscus 
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FIGURE 1-67 Photomicrograph demonstrates a traumatic séparation of 
the cartilage in the région of the tidemark. This defect has become filled by 
reparative fibrous tissue (H&E, x 10 obj.). 




FIGURE 1-68 Photomicrograph showing fibrillated articular cartilage with 
underlying subchondral bone. Note the horizontal cleft, that is, discontinuity, 
which has formed at the junction with the calcified cartilage just above the 
tidemark (H&E, x 1.25 obj.). 
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FIGURE 1-69 Photomicrographs of the bone-cartilage interface. A, The tidemark, which indicates the upper edge of the calcified cartilage, can be seen as a 
wavy magenta line, but the bone-cartilage interface is poorly visualized. B, When the same histologie field is examined by polarized light, using a compensator 
filter, the bone, which is seen as red, and the cartilage, which is seen as blue, are easily differentiated and the tidemark can still be seen (H&E, x 10 obj.). 



FIGURE 1-70 Photomicrographs of the insertion 
of the ligamentum flavum into bone. A, The 
wavy blue line, which represents the edge of 
the calcified portion of the ligament, is clearly 
seen, although the interface of ligament and 
bone is not well visualized. B, When the same 
histologie field is examined by polarized light, the 
interface of calcified ligament and bone is clearly 
demonstrated (H&E, x 10 obj.). 


and other injured fibrous connective tissues, perhaps because the tis- 
sue is focally subjected to more compressive forces foliowing injury. 
The second type of nonhyaline cartilage, elastic cartilage, contains a 
high proportion of elastic fibers in the matrix. It is présent in the liga¬ 
mentum flavum, external ear, and epiglottis (Fig. 1-72), where some 
element of stretch is necessary in the tissue (normal collagen length- 
ens only very slightly, even under heavy loads). 

Both fibrocartilage and elastic cartilage incorporate the term car¬ 
tilage' probably because the cells are rounded and lie in lacunae, and 
staining will reveal some PG staining in the pericellular areas, which 
gives them a superficial resemblance to the cells of hyaline cartilage. 
However, the mechanical functions of these tissues are very differ¬ 
ent from those of hyaline cartilage. Both fibrocartilage and elastic 
cartilage function principally as resisters of tension, with, however, 
some focal element of compression. On the other hand, hyaline car¬ 
tilage is mainly subject to and resists compressive forces. 


SYNOVIAL MEMBRANE 

The synovial membrane Unes the inner surface of the joint capsule 
and ail other intra-articular structures, with the exception of articu- 
lar cartilage and the meniscus; it consists of two components. The 
first is the synovial lining (or intimai layer) bounding the joint space; 
this is predominantly cellular. The second component is a support- 
ive, or backing layer, formed of fibrous and adipose tissues in vari¬ 
able proportions. 

The surface of the synovial lining is smooth, moist, and glisten- 
ing, with a few small villi and fringe-like folds (Fig. 1-73). The cellular 
éléments of the joint lining consist of a single row or sometimes mul¬ 
tiple rows of closely packed intimai cells with large elliptical nuclei 
(synoviocytes); in the subintima are other connective tissue cells, 
including fat cells, fibroblasts, histiocytes, and mast cells (which are 
omniprésent in connective tissue) (Figs. 1-74 and 1-75). 
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FIGURE 1-71 Photomicrograph of 
a tendon insertion. Note that at the 
insertion, the cells of the tendon are 
rounded and lie in lacunae.This is described 
as fibrocartilaginous metaplasia. Elsewhere 
in a tendon the fibrocytes are flattened 
(H&E, x 10 obj.). 
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FIGURE 1-72 Photomicrograph of ear cartilage. Although the cells resemble 
those seen in hyaline cartilage, the matrix contains many elastic fibers.These fibers 
appear red in this section stained with phloxine and tartrazine (x 25 obj.). 



FIGURE 1-73 Photomicrograph of synovium showing the simple lining and 
the fibroadipose subsynovial tissue (H&E, x 4 obj.). 


FIGURE 1-74 Photomicrograph 
of synovium showing a délicate 
synovial lining resting on a 
fibroadipose subintimai layer which 
is rich in capillaries, lymphatics, and 
nerve endings (H&E, x 25 obj.). 
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FIGURE 1-75 Schematic of the synovial membrane showing the typical 
arrangement of cells.The transudation of the synovial fluid requires 
specialized capillaries such as those that are seen in the rénal glomeruli. 

Electron microscopie studies hâve revealed two principal types of 
synovial lining cells, which hâve been designated by Barland as types 
A and B. (Many cells hâve features of both types and hâve been called 
intermediate.) The less common cell (type A) has many of the fea¬ 
tures of a macrophage, and there is good evidence that it is structurally 
adapted for phagocytic functions (Fig. 1-76). The more common type 
B cells are richly endowed with rough endoplasmic réticulum, contain 
Golgi Systems, and often show pinocytotic vesicles (Fig. 1-77). Normal 
synovial intima contains 25% of type A and 75% of type B cells. 

The synovial membrane has three principal functions: sécré¬ 
tion of synovial fluid hyaluronate (B cells); phagocytosis of waste 
material derived from the various components of the joint (A cells); 


and régulation of the movement of solutés, electrolytes, and pro¬ 
teins from the capillaries into the synovial fluid. Thus the synovium 
provides the metabolic requirement of the joint chondrocytes and a 
regulatory mechanism for maintenance of the matrix. 

In addition to lining the joints, synovial membrane Unes the sub- 
cutaneous and subtendinous bursal sacs, which permit freedom of 
movement over a limited range, for the structures adjacent to the 
bursae. Synovial membrane also Unes the sheaths that form around 
tendons wherever they pass under ligamentous bands or through 
osseofibrous tunnels. 


Bone Growth and Development 


Unlike most tissues, mature bone tissue grows only by déposition 
on the surface of an already existing calcified substrate. As John 
Hunter put it, ‘Bones do not grow by fresh matter being put into ail 
parts, so as to push the old matter to a greater distance but by new 
matter laid upon the external surface.' In contrast to bone, cartilage 
grows by interstitial cellular prolifération and matrix formation. 

With the exception of the cranial vault and a few other bones, 
most of the embryonic skeleton is first formed of cartilage, and car¬ 
tilage prolifération plays an important rôle in continuing skeletal 
growth and modelling. 

Before any bone formation occurs within the embryonic cartilage 
skeleton, the chondrocytes toward the middle of the individual skel¬ 
etal parts become larger and more separated by interstitial matrix 
(Fig. 1-78). As the cells in the center of the shaft of a long bone con¬ 
tinue to enlarge, the cartilage matrix lying between the cells becomes 
calcified, and the cells die (Fig. 1-79). 

Although the mechanisms of calcification are not completely 
understood, it is clear that the régulation of cartilage calcifica¬ 
tion is essential to bone growth and modeling. The hypertrophie 
chondrocytes adjacent to the calcification front show électron 
microscopie alterations in their cytoplasmic structure and hâve 
been found to synthesize collagen type X, which appears to be 
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FIGURE 1-76 Electron micrograph of an A cell shows abundant mitochondria and dense inclusion bodies (x 10,000). 
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FIGURE 1-77 Electron micrograph of a B cell shows abundant rough endoplasmic réticulum and many pinocytotic vesicles (x 10,000). 



FIGURE 1-78 Photomicrograph of the upper end of the fémur and hip 
joint in a 5-week fétus. The future bone is already modeled in cartilage and 
is covered by a condensation of mesenchymal cells, which will eventually 
become the periosteum. Note that the cells in the diaphysis of the cartilage 
model (at the lower end of the photograph) are larger and paler than those 
at the upper end (H&E, x 4 obj.). 

an important mediator of vascular invasion. Still other factors 
provide sites for initial hydroxyapatite déposition, enzymes that 
increase local calcium and phosphate concentration, and enzymes 
that dégradé mineralization inhibitors or cause the formation of 
mineralization promotors. 



FIGURE 1-79 Photomicrograph of the shaft of a long bone in a 7-week fétus 
(undecalcified, and stained with von Kossa stain). Note the calcification of 
the cartilage matrix (black) in the diaphysis (x 4 obj.). 

Following calcification of the cartilage matrix, the periosteum 
surrounding this (diaphyseal) portion of the bone begins to pro¬ 
duce from its cambium layer a primitive bone matrix that is quickly 
formed into a cuff of bone (Fig. 1-80). Soon after these events, small 
capillaries penetrate the periosteum and the periosteal bone cuff into 
the calcified cartilage matrix, destroying the empty cartilage lacunae 
and establishing a vascular network throughout the calcified car¬ 
tilage (Fig. 1-81). Cells, perhaps derived from the vessel walls, are 
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FIGURE 1-80 Photomicrograph of a section 
through a metacarpal from a 7-week fétus. 
In the diaphysis the cartilage matrix stains 
a deeper blue, indicating that it is calcified. 
Around the calcified cartilage matrix is a 
narrow cuff of immature bone (Trichrome 
stain, x 4 obj.). 
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FIGURE 1-81 A, Photomicrograph of a long 
bone removed from a 10-week fétus (Trichrome, 
x 4 obj.). B, Close-up shows the calcified 
cartilage {right) and the diaphyseal bone cuff 
(left) covered by condensed mesenchymal tissue 
that forms the periosteum. Penetrating through 
the bone cuff into the calcified cartilage is a 
blood vessel. This blood vessel will eventually 
erode through the calcified cartilage entirely, 
bringing in osteoblasts to form the earliest 
primary spongiosa (Trichrome, x 16 obj.). 
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FIGURE 1-82 A portion of the primary spongiosa from the diaphysis of a long bone in a 10-week fétus. Notice the délicate cores of dark blue calcified 
cartilage covered by plump cells (osteoblasts), which are forming the seams of pink immature bone matrix (H&E, x 25 obj.). 


seen to line up on the surface of the remaining calcified cartilage and 
deposit a bony matrix. This process of cartilage calcification, vascu- 
lar invasion, and déposition of bony matrix on the remaining calci¬ 
fied cartilage is known as endochondral ossification. It is the process 
by which cartilage is transformed into bone. 

The bone first laid down, that is, with a core of calcified cartilage 
and primitive bone on the surface, is commonly known as the pri¬ 
mary spongiosa (Fig. 1-82; see also Fig. 1-94). As the primary spon¬ 
giosa is remodeled and the calcified cartilage removed, the bone 
trabeculae corne to be formed entirely of bone tissue (referred to as 
secondary spongiosa). 

In the fétus, the process of endochondral ossification continues 
until a considérable portion of the shaft of a long bone has been 
converted into osseous tissue and only the ends of the bone are 
still formed of cartilage (Fig. 1-83). Throughout this process, the 



FIGURE 1-83 Gross photograph of a fémur from a 6-month stillborn baby. 
At this stage, the epiphyseal ends of the bone are still entirely cartilaginous. 


cartilage at the bone ends is continuously proliferating and enlarg- 
ing by interstitial growth. As the cartilage cells in the epiphyseal 
bone ends approach the midshaft of the bone, they undergo enlarge- 
ment and degeneration; subsequently the cartilage matrix calcifies, 
and eventually vascular invasion and the formation of more primary 
spongiosa occur; this zone of metamorphosis is referred to as the 
physis or growth plate and, in this way, the bone continuously grows 
in length (Figs. 1-84 and 1-85). 

During the early stages of skeletal development, the locations of 
joints are marked by a condensation of mesenchymal cells. Only after 
the fifth to eighth week of intrauterine life do these cells undergo 
flattening and apoptosis to form a joint cleft (Figs. 1-86 to 1-88). 

At some point during the growth period, usually during infancy 
and childhood, a secondary center of ossification is formed within 
the cartilaginous end of the bone (Figs. 1-89 and 1-90). Calcification 
occurs initially at the middle of the secondary center. This area is 
then invaded by blood vessels carried through canals, that develop 
from invagination of the délicate surface perichondral covering of 
the epiphysis and the process of endochondral ossification ensues 
(Fig. 1-91). As the secondary center of ossification grows, the only 
remaining cartilage is that which covers the articular end of the bone 
(articular cartilage) (Fig. 1-92) and a thin layer or plate of cartilage 
lying between the secondary center of ossification and the main part 
of the bone shaft (the growth plate or physis) (Figs. 1-93 to 1-96). 

The cartilage of the growth plates continues to proliferate and 
undergo endochondral ossification until growth slows during ado¬ 
lescence. At cessation of growth, the epiphyseal plate is perforated 
by blood vessels and becomes obliterated (Fig. 1-97). However, the 
position of the growth plate in the form of a bone plate is seen on 
radiologie examination and in anatomie specimens throughout life 
(Fig. 1-98). 

During the growth period, acute illness may lead to a temporary 
cessation of growth, and the stigma of this cessation may remain 
for many years in the shaft of a bone as a linear density seen on 
radiographie images, paralleling the epiphyseal scar and known as a 
Harris line or growth arrest line (Fig. 1-99). 

The bones of the skull, as well as some of the facial bones and 
most of the clavicle, form from undifferentiated connective tissue 
cells (mesenchyme) in the same manner as the initial periosteal 
bone euff, that is, without a pre-existing cartilage model. These 
bones are termed membranous bones, and they grow only by the 
apposition of new bone on the surface. Membranous bones hâve no 
cartilaginous growth plates (Figs. 1-100 to 1-102). 
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FIGURE 1-84 Photomicrograph of the upper end of the fémur showing the junction between the newly formed bone and the epiphyseal cartilage. The bone 
grows in length by the process of endochondral ossification, in which the calcified cartilage is invaded by blood vessels from the metaphysis and replaced by 
bone (H&E, x 10 obj.). 



FIGURE 1-85 A, Photomicrograph to show the zone where bony growth occurs.This is called the physis, and vascular invasion from the metaphysis results 
in the replacement of cartilage with bone during the growth process. Note that the periosteal bone extends beyond the growth plate, thereby mechanically 
stabilizing this zone. (This area is shown in higher power in [B]. Abnormalities in this zone may explain the development of osteochondromas. See Chapter 17.) 
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FIGURE 1-86 Photomicrograph of a sagittal section through the fêtai 
knee joint at the sixth week of gestation, showing the condensation of 
mesenchymal cells marking the future joint space (H&E, x 10 obj.). 



FIGURE 1-88 Photomicrograph of a section through the hip joint at the 10th 
week of gestation, showing a fully developed joint space (H&E, x 4 obj.). 



FIGURE 1-87 Photomicrograph of a sagittal section through the knee joint 
at the ninth week of gestation, showing the development of the joint space 
from the periphery towards the center of the joint (H&E, x 10 obj.). 


FIGURE 1-89 The secondary center of ossification is demonstrated in 
the lower end of the fémur. This area increases in size by the process of 
maturation and calcification of the cartilage around the secondary center, 
with subséquent endochondral ossification (H&E, x 1 obj.). 
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FIGURE 1-90 A, Schematic diagram indicating the times of ossification of the skeleton. B, In this total body bone scan the forming epiphyses are clearly 
identified by the intensity of isotope uptake. 



FIGURE 1-92 Photomicrograph of articular cartilage from a child. Vascular 

FIGURE 1-91 The vessels that feed the ossification center of the epiphysis ingrowth from the deep articular cartilage is associated with bone formation, 

are carried in canals through the epiphyseal cartilage; one of these canals Pericellular calcification is présent around the deep chondrocytes; however, 

is demonstrated here (H&E, x 25 obj.). the tidemark is as yet only rudimentary (H&E, x 4 obj.). 
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FIGURE 1-93 Photomicrographs of similar sections through the growth plate stained by three different stains and demonstrating the appearance of the 
growth plate during active bone growth. At the top of the field is a portion of the epiphysis, and the cartilage cells in the growth plate which are closest to this 
région are proliferating cells. Further down, the cells begin to palisade into vertical columns, and as they approach the metaphysis the cells hypertrophy and the 
matrix calcifies.The calcified matrix is invaded by blood vessels and bone forms on the residual calcified cores of cartilage (A, H&E; B, Safranin O to show the 
distribution of PG; C, von Kossa to show the distribution of calcium; ail x 4 obj.). 
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FIGURE 1-94 Diagram of the growth plate. 



















FIGURE 1-95 Specimen of the upper end of the tibia in an immature pig. 
The vessels hâve been injected with barium sulfate and the bone decalcified. 
The ramifying vessels in the metaphysis, which provide for endochondral 
ossification, are clearly seen. 


FIGURE 1-96 A bisected traumatically avulsed fémoral head from an 
8-year-old child. The photograph shows first the cup-shaped metaphyseal 
surface of the growth plate and secondly its knob-like protubérances, both 
of these structural features help stabilize the epiphysis and prevent slippage 
during the growth period. 



FIGURE 1-97 A, A gross photograph of the distal fémur of a 17-year-old boy shows the residual growth plate, more intact ( right ) toward the bone margin. 
(B) Photomicrograph of a portion of the more intact growth plate. Note the inactive metaphyseal surface ( lower ) (H&E, x 10 obj.). (C) In another area the 
growth plate is still open on the left side of the field; however, on the right side, bony continuity has been established between the metaphysis and the 
epiphysis. At this point, growth can be said to hâve ceased. In general, the plate first closes in its central portion, whereas the peripheral portion of the plate is 
the last part to close (H&E, x 4 obj.). 
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FIGURE 1-100 Photomicrograph of a section taken through the skull area of 
an 11-week fétus. The bone présents first as cell condensations that secrete 
an extracellular matrix of immature bone (H&E, x 16 obj.).Two islands of 
bone matrix are clearly seen in the upper third of the section. 



FIGURE 1-101 Drawing of a macerated specimen of the pariétal bone 
obtained from an approximately 20-week fétus demonstrates how individual 
foci of secreted bone matrix fuse together initially to form a network of 
bone; later this network will develop into a plate. 
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FIGURE 1-102 Photomicrograph of a section of calvarial bone from a 19-week fétus.The durai surface is on the lower border of the field, and the epidermal 
surface is on the upper border. Note the resorptive activity along the durai surface and the blastic activity along the epidermal surface, which allows for 
expansion of the cranium (H&E, x 4 obj.). 





This compound microscope has a Wenham binocular 
body tube c. 1870 that is unsigned but similar to micro¬ 
scopes manufactured by J. Swift, London. The eyepieces 
in the picture are signed by Henry Crouch, and appear in 
a catalog dated 1866 [authors collection]. 
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A complété understanding of the patients’ pathology and the sélec¬ 
tion of the best material for histologie examination dépends on 
adéquate communication between the clinician, the radiologist, 
and the pathologist. Regretfully, more often than not this does not 
occur even in the best institutions. For the general reader to better 
understand the limitations of tissue pathology, some of the more 
important aspects of technique are dealt with in this chapter. 


Gross Examination 


Bone specimens received by the surgical pathologist often consist 
only of fragments, and the anatomy may be unrecognizable. When 
it is important to the diagnosis and subséquent management of 
the patient for the fragments to be differentiated, it is the surgeon’s 
responsibility to ensure that the individual pièces are separately sub- 
mitted and correctly labeled. 

When a larger piece of bone is submitted for examination, ana¬ 
tomie landmarks should be carefully sought, and if a photographie 
record is désirable, careful dissection of the soft tissue adhèrent to 
the bone surface is essential. Photographs without this step are likely 
to be less informative and visually disappointing (Fig. 2-1). 

Cutting the specimen into thin slices (3 to 5 mm) allows both visu- 
alization of the interior of the bone and proper fixation of the tissue. 
Large specimens can be eut on a band saw, and smaller specimens 
on a small circular saw (Fig. 2-2). After using the saw, it is impor¬ 
tant to gently wash the eut surface of the bone tissue under running 
water. This ensures that any fragments of bone dust and other tis¬ 
sue débris generated by the sawing are washed out of the interstices 
of the marrow space. Unless this is done, microscopie artifacts may 
appear on the histologie sections (see Fig. 2-25). 

Visual examination of the eut surface is particularly helpful with 
tumors where it may be possible first to assess the viability of the 
tumor and, in some cases, to make a preliminary differential diagno¬ 
sis based on the consistency and type of matrix production (Fig. 2-3). 
A dissecting microscope mounted directly over the grossing area in 


the surgical pathology laboratory is useful for better visualization 
of the morbid anatomy and for correlating the gross appearance of 
a tissue with the microscopie histology (Fig. 2-4). Bone necrosis is 
readily recognized because of its opaque, yellow appearance in con- 
trast to the translucent appearance of living bone tissue (Fig. 2-5). 

RADIOGRAPHIC EXAMINATION 
OF BONE SPECIMENS 

The pathologist should assess the texture and the porosity of the 
bone, and whether increased or decreased from normal. Although 
this is often done at autopsy by a prosector who presses on the can- 
cellous bone with his or her thumb, porosity and texture are much 
better assessed radiographically and a valuable adjunct to the exami¬ 
nation of bone specimens is the préparation of radiographs using 
low-voltage x-rays (Faxitron X-Ray; Wheeling, IL) (Fig. 2-6). The 
detail revealed by such films dépends on the thickness of the speci¬ 
men: the thinner the slice, the more detail will be revealed (Fig. 2-7). 
The radiograph is particularly useful for assessing alterations in 
bone texture and organization (Fig. 2-8). Fine-grain radiographs can 
also be helpful intraoperatively in lieu of a frozen section in finding 
the nidus of an osteoid osteoma (Fig. 2-9). In some cases, the radio¬ 
graph may be a useful guide in deciding which portions of the tissue 
to submit for microscopie examination (Fig. 2-10). 

SPECIMEN PHOTOGRAPHY 

Color images are useful both for research and for teaching pur poses. 
In either case, as mentioned earlier, before taking a photograph or 
obtaining a digital image the specimen should be adequately washed 
so that both the bone and the lésion are readily differentiated and 
dried so that there are no abnormal highlights from reflections of the 
flood lamps. The specimen should be aligned according to anatomie 
principles, and where appropriate a scale should also be included in 
the image (Fig. 2-11). (Because of the instant availability of the image, 
digital photography has made the process much easier [Fig. 2-12].) 


FIGURE 2-1 A, Photograph of partially dissected 
knee joint. The residual soft tissues obscure the 
anatomy. B, Once the remnants of muscle and fat 
are dissected away, the gross anatomy becomes 
more obvious. 






CHAPTER 2 METHODSOF EXAMINATION 43 



FIGURE 2-2 A, A band saw is used to eut large specimens. Note that soft tissue left attached to the bone is liable to catch in the saw blade and be torn. 
B, Small pièces of bone can be eut on a circular saw, such as shown here, using a diamond blade and a micrometer screw to advance the specimen. 



FIGURE 2-3 This patient had a large tumor projecting from the scapula 
surface. The glassy blue-white appearance is most consistent with a tumor 
of cartilaginous origin. 

White light has a broad wavelength range, which results in vari¬ 
able pénétration of light into a translucent object, thereby precluding 
a sharp focus of the surface. This problem can be largely overcome 
by the use of short-wave monochromatic light. We hâve found a 
black (ultraviolet [UV]) light source to be inexpensive and to pro¬ 
vide very satisfactory photographs of surface texture (Fig. 2-13). 



FIGURE 2-4 Photograph of the dissecting microscope used in the grossing 
area of the surgical pathology laboratory. 


Microscopie Examination 


PREPARATION OF TISSUE FOR MICROSCOPIC 
EXAMINATION 

Préparation of tissue sections containing the maximum information 
dépends on choice of the right piece of tissue and on proper Process¬ 
ing of the tissue blocks. 

To ensure adéquate pénétration of the processing fluids, the 
submitted tissues should not exceed 3 to 4 mm in thickness. It is 
important to use an adéquate amount of fresh solution for fixa¬ 
tion, because the fixative is being used up in the process. Far too 
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Leukemic 

infiltrate 


Infarct 


FIGURE 2-5 Segment of the spine from a child who died of leukemia. Within 
the vertébral bodies are géographie areas of necrosis that appear as yellow 
opacification of the bone and marrow.These are surrounded by a thin rim of 
hyperemic tissue. Note that the viable bone marrow has a fleshy tan color, 
reflecting the leukemic infiltrate. 


frequently, specimens from the operating room are received barely 
covered by fixative, and irréversible tissue breakdown may hâve 
taken place as a resuit of inadéquate fixation. 

In general, the volume of fixative should be at least 10 times the 
volume of the tissue. For most purposes, formalin provides adé¬ 
quate fixation. However, the formalin should be buffered to pre- 
vent the formation of formalin pigment, which can interfère with 
the proper interprétation of other pigments that may be présent, 
such as iron. Buffering the formalin also prevents the formation of 
formic acid, which might otherwise resuit in undesirable décalci¬ 
fication. It is worth noting that optimal fixation with formalin is 
probably achieved in less than 12 hours. 



FIGURE 2-7 Radiograph of a slice of a vertébral body less than 1 mm thick. 
Less overlay of structure results in improved discrimination. 


If décalcification is desired after adéquate fixation of the tissue, 
5% nitric acid will produce décalcification in a reasonable time 
with good préservation of the tissue. However, an adéquate vol¬ 
ume of acid should be used, approximately 10 to 20 times that 
of the tissue. Because the acid is neutralized as the calcium is 
removed from the bone, it should be changed frequently; in our 
laboratory, we change the acid twice a day. To ensure access of 
the acid to the tissue, gentle agitation using a shaker is a help- 
ful procedure (Fig. 2-14). (The adequacy of décalcification can be 
assessed by preparing radiographs of the specimens, which can 
be done with the tissues in their cassettes [Fig. 2-15].) 

After décalcification has been achieved, it is essential to wash 
the tissue in running water for at least 12 hours, to ensure good 



FIGURE 2-6 A, In a small darkroom adjacent to the surgical pathology laboratory is a low-voltage digital x-ray machine, shown here with open door and 
fémoral head slice on lucite tray. B, Obtained image of the fémoral head, 5 mm thick. 
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Ostéopénie Normal Blastic Reaction 



FIGURE 2-8 Radiographs to demonstrate the relative radiolucency of osteoporosis (A) and density of metastatic cancer (C).The normal bone (B) has readily 
identifiable vertical and horizontal bone trabeculae. 



FIGURE 2-9 Thirteen fragments of bone were submitted from a patient with an osteoid osteoma. Fragment 6 (A) shows a portion of the nidus, recognizable 
by the dense, finely packed area of bone. Fragment 13 (B) is entirely cancellous bone. Another example of an osteoid osteoma in situ is shown in C. Note the 
band of relative lysis around the nidus of the osteoid osteoma. 


différentiation of the hematoxylin-eosin (H&E) stain. If the bone 
tissue is overly decalcified, or if the acid is inadequately removed, 
poor staining will resuit. 

The préparation of histologie sections of bones for routine micro¬ 
scopie examination has, in general, required the removal of the inor- 
ganic minerai component by acidic solutions, as just described. For 
this reason, the quantity and quality of mineralization hâve been 
impossible to assess. The technique of embedding bone in methyl 
méthacrylate, although very time consuming, not only allows thin 
histologie sections of bone to be eut without prior décalcification 
but also has the considérable advantage of achieving a better prés¬ 
ervation of tissue relationships. (Because of the tough collagenous 


nature of the organic matrix, such préservation is often difficult to 
obtain when routine paraffin embedding is used [Fig. 2-16].) 

Bone can be prepared for électron microscopy by fixing diced 
tissue in paraformaldéhyde or in glutaraldehyde. The tissue can be 
decalcified using ethylene diamine tetra-acetic acid (EDTA), or the 
calcified tissue can be sectioned with a diamond knife. 

STAINS 

For most purposes, a routine H&E-stained section is adéquate. 
However, a variety of staining techniques may be used to dem¬ 
onstrate the different components of the matrix. Collagen can 
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FIGURE 2-10 Radiograph of the distal end of a fibula resected because of 
an intraosseous tumor that proved to be a chondrosarcoma.The margins of 
the tumor are clearly seen on the radiograph, which therefore is an excellent 
guide to mapping of the section; also seen are the characteristic rings of 
calcification in the tumor. 


be demonstrated by a trichrome stain or by the van Gieson stain 
(Fig. 2-17). (However, perhaps the most useful technique for exam- 
ining collagen is polarized light microscopy [see Fig. 2-24C].) The 
proteoglycans (PGs) can be demonstrated by the safranin O stain, 
alcian blue stain, and less specifically by toluidine blue (Fig. 2-18). 
Minerai components can be demonstrated only in undemineralized 



FIGURE 2-12 Illustration of the set-up used in our laboratory for digital 
photography. 



FIGURE 2-13 The articular surface of a patella with early degenerative 
disease illuminated with black (ultraviolet) light. 


FIGURE 2-11 A,This photograph shows a 
number of photographie errors, including a 
dirty background, slight lack of focus on the 
front of the patella, highlights caused by an 
improperly dried specimen, poor positioning, 
poor lighting, and no scale for identification. 
B, A more correctly taken photograph of the 
same specimen for comparison. 
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FIGURE 2-14 A shaker ensures adéquate mixing of the acid and access of 
the acid to the surface of the bone. 


tissue, and the minerai can be stained by two techniques: alizarin 
red, which stains the calcium components of the hydroxyapatite red, 
and the von Kossa method, which stains the phosphate component 
as well as other calcium salts (e.g., carbonate and oxalate) black 
(Fig. 2-19). (The distribution of minerai in the tissue can also be 
studied by microradiography, using low-kilovoltage x-rays from an 


x-ray tube with a fine focal spot. These radiographs are prepared 
using thin slices of bone eut with a diamond saw at approximately 
100pm [Fig. 2-20].) 

Osteoblasts and osteoclasts can be stained using alkaline phos¬ 
phatase and tartrate-resistant acid phosphatase stains, respectively. 
These stains can be carried out on unfixed frozen sections or on 
glycol méthacrylate sections prepared after brief fixation. 

Immunohistochemistry 

No procedure has revolutionized diagnostic histopathology as much 
as has the introduction of immunohistochemical staining. The tech¬ 
nique is generally sensitive and spécifie, and most importantly, can be 
applied to routinely processed paraffin blocks (even after many years). 

As with any technique, there are pitfalls, including cross-reactivity, 
technical failures (including the failure to include proper positive and 
négative Controls), and perhaps most importantly, the failure to cor- 
relate the results with the H&E sections and the clinical findings. 

The objective in immunohistochemistry is a more précisé char- 
acterization of the protein constituents of cells and matrix and the 
identification of the cell line of origin in undifferentiated or poorly 
differentiated tumors (Fig. 2-21). 

The concentration of antigen in tumor cells may predict the 
aggressiveness of the tumor or, as in the case of estrogen her recep- 
tors in breast cancer, the prognosis. 

The most commonly used antibody markers are 

1. Those that distinguish the five major groups of intracytoplas- 
mic intermediate filaments including vimentin (mesenchy- 
mal cells), cytokeratin (épithélial cells), desmin (muscle), glial 
fibrillary acidic protein (glial cells), and neurofilament protein 
(most neuronal cells). 

2. Spécifie épithélial markers—épithélial membrane antigen. 

3. Muscle markers—in addition to desmin, actin, smooth muscle 
actin. 

4. Vascular markers—factor VIII, CD31, CD34, ulex europaeus. 



FIGURE 2-15 Radiograph of two bone specimens in their cassettes, showing the stages to complété décalcification. 
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FIGURE 2-16 A, Photomicrograph of a section of bone marrow decalcified and embedded in paraffin. B, Photomicrograph of a section of bone marrow 
undecalcified and embedded in methyl méthacrylate. Note that this is a thinner section than that demonstrated in A and therefore has more cytologie detail 
without obscuring overlay (both views, H&E, x 10 obj.). 



FIGURE 2-17 A, Photomicrograph of a portion of developing cartilage, tendon, and vascularized adipose tissue stained by Massons trichrome stain. Muscle 
stains red, as seen in the media of the artery in the lower left, and collagen stains blue. B, The same tissue stained with Verhoeff's elastic stain (van Gieson as 
counterstain), in which the collagen stains red and the elastic tissue black.The muscle fibers stain yellow-green (x 4 obj.). 


5. Neural markers—includes S-100 protein (schwannian, 
synaptophysin). 

6. Spécifie markers for lymphomas and small cell tumors. 

Antibodies prepared against various collagen types and against 
constituents of PG aggregates hâve been used as investigative tools 
to study the distribution of the matrix constituents (Fig. 2-22). 

A number of useful websites are now available for information on 
both immunohistochemistry and cytogenetics. 

Genetic Markers 

The majority of neoplastic tumors, both benign and malignant, are 
characterized by cytogenetic abnormalities. These abnormalities are 
believed to be the resuit of sequential genetic alterations in normal 
progenitor cells, which, in turn, lead to a clonal expansion of pheno- 
typically transformed cells. 

Normal human cells contain 22 pairs of autosomal chromo¬ 
somes and two sex chromosomes. Each chromosome has a long 
arm (q) and a short arm (p), and is characterized by alternating dark 


and light bands that can be stained using either Giemsa stain or a 
fluorescent stain (Quinacrine). 

The transformed cells of a neoplastic tumor often contain mul¬ 
tiple clonal genetic abnormalities, some of which, like délétions 
of large chromosomal segments, trisomy, or chromosome translo¬ 
cations, are visible in chromosome préparations. [In the descrip¬ 
tion of translocation t(ll;22)(q24;ql2), t indicates a reciprocal 
exchange of material between two different chromosomal arms. 
The first set of parenthèses contain the chromosomes involved 
and the second set the break points and arms of the chromosomes 
involved]. Other mutations such as substitution or délétions of 
individual DNA nucléotides cannot be detected optically in cyto¬ 
genetic préparations. 

Cytogenetics requires fresh viable tissue that must be trans- 
ported, cultured, and maintained in a stérile State, ail of which 
is difficult as a routine, laboratory test. However, if a segment 
of DNA corresponding to a spécifie gene can be prepared and 
labeled, then it can become a probe for the gene in question. Most 
molecular cytogenetic methods in présent use are based on in situ 
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FIGURE 2-18 Photomicrograph of a portion of growth plate and underlying metaphysis.The PG in the matrix is stained red with safranin O (A) and blue 
with alcian blue (B). With toluidine blue (C), the cartilage is stained purple, that is, the color of the dye is changed from blue to purple, which is described as 
metachromasia (x 4 obj.). 



FIGURE 2-19 A, Section of undecalcified bone stained with alizarin red, which stains the calcium salts red. The osteoid is counterstained with azuré 
blue (alizarin red, x 10 obj.). B, Section of undecalcified bone stained by von Kossa's method, in which the calcium salts are stained black.The osteoid is 
counterstained with acid fuchsin (von Kossa's, x 10 obj.). 


hybridization using fluorescein as a label. Cocktails of probes that 
can target an entire chromosome are useful for demonstrating 
chromosomal translocations and délétions. A number of "break- 
apart” probes designed for diagnosis of translocation-associated 
sarcomas are now available commercially. These probes span the 


breakpoint of one gene involved in a translocation and resuit in 
two fluorescent signais when the gene has been broken apart by 
such a rearrangement. 

Genetic studies hâve proved to be particularly valuable in the dif- 
ferential diagnosis of lymphoma, small round cell tumors such as 


50 SECTION I NORMAL 



FIGURE 2-20 Microradiograph of a portion of cortical bone, to show 
the variation in the calcium content of various osteons and the generally 
increased calcium content of the interstitial osteons (x 10 obj.). 


Ewings sarcoma, and some spindle cell tumors; for example, more 
than 90% of synovial sarcoma, both monophasic and biphasic, are 
characterized by a reciprocal translocation of chromosomes X and 
18 t(X;18)(pll;qll). 

Fluorescence Labeling 

The autofluorescing antibiotics, known as the tetracyclines, hâve an 
affinity for the minerai at actively mineralizing surfaces. They serve 
well as supravital in vivo markers of mineralization because they 
are clearly visualized when a section is examined using UV light. 
Two labels, usually of different tetracyclines, must be used to déter¬ 
mine both the extent and the rate of mineralization. The protocol 



FIGURE 2-22 Photomicrograph of a 20-week fêtai hip joint stained with 
a monoclonal antibody to type II collagen antibody (immunoperoxidase 
staining, x 4 obj.). (Courtesy of Dr. German Steiner.) 

for tétracycline labeling used in our laboratory is as follows: 250 mg 
of oral oxytétracycline are given four times a day for 3 days. After 
an interval of 12 days, demeclocycline, 300 mg four times a day, is 
given for another 3 days. The bone biopsy is then performed 4 to 7 
days after the last dose of demeclocycline. The specimen is fixed 


FIGURE 2-21 A flow chart illustrâtes how 
immunoperoxidase staining could be applied to a 
poorly differentiated tumorto help distinguish 
a lymphoid tumor from an épithélial tumor or a 
mesenchymal tumor. 
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in 70% alcohol, which helps to protect against leaching of both the 
label and minerai from the tissue. Unstained sections should be 
stored in the dark to prevent fading of the fluorescence before they 
are examined. At the time of examination, they should be covered 
with optically inactive oil for optimal visualization of the label. In 
our expérience, 5 pm-thick sections are adéquate for the visualiza¬ 
tion of properly applied labels. In a normal biopsy, both single and 
double labels may be observed, and these labels are usually sharp 
and distinct (Fig. 2-23). In case of certain metabolic disturbances, 
the labels hâve spécifie morphologie features that reflect the condi¬ 
tion of the mineralizing bone-osteoid interface (see Chapter 8) 

In addition to the commonly used transmitted light optical 
microscopy, a number of other microscopie techniques are par- 
ticularly useful for examination of connective tissues. Differential 
interférence contrast (or Nomarski optics) is especially valuable 
because it provides a pseudo-three-dimensional appearance to the 
tissue, which can be helpful in understanding the structure. In addi¬ 
tion, this System gives some improvement of resolution, so that the 
resulting photographie images may be clearer than those obtained 
with transmitted light microscopy (Fig. 2-24A and B). Perhaps the 
most useful microscopie technique for the examination of connec¬ 
tive tissues uses polarized light, not only because it clearly reveals 
the collagen fibers but also because it enables the détermination of 
the orientation of the collagen and the study of the microarchitec¬ 
ture of the tissue (Fig. 2-24C). This information can be very helpful 
in the interprétation of disease States (e.g., in Paget s disease) or in 
delineating reparative scars. 



FIGURE 2-23 Photomicrograph showing two distinct tétracycline labels. 
The yellow label is demeclocycline, and the green label is oxytetracycline. 
The scale is superimposed at the time of photography (UV, x 25 obj.). 



FIGURE 2-24 A, Photomicrograph of a longitudinal section of cortical bone (H&E, x 10 obj.). B, The same field as illustrated above, photographed using 
Nomarski optics (FI&E, x 10 obj.), and (C) with polarized light (FI&E, x 10 obj.). 
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FIGURE 2-25 Two examples of bone dust artifact.This artifact is common and can be avoided by washing the tissue after it has been eut on the saw and by 
cutting deeply into the block (H&E, x 4 obj.). In A, the artifact is évident in the left portion of the picture, and in B, is outlined in the upper one third of the 
photomicrograph. 


An important diagnostic procedure in the clinical diagnosis of 
crystal synovitis is the examination of synovial fluid for crystals (see 
Chapter 12 for a complété discussion of this procedure). 

The most common and one of the most troublesome artifacts 
encountered in sections of bone is the presence in the marrow space 
of irregular fragments of basophilie material that may be mistaken 
for tumor or some other morbid condition (Fig. 2-25). These frag¬ 
ments represent bone dust and other débris that are driven into the 
interstices of bone during the slicing process. This artifact can be 
avoided by washing the surface after sawing and by cutting into the 
paraffin block a little way before taking sections for microscopie 
examination. A decidedly rare artifact may occur from the acid 
décalcification of the bone. Under certain conditions a secondary 
calcium sait crystal may be deposited in the tissue in the form of cal¬ 
cium brushite (Fig. 2-26). 



FIGURE 2-26 In this section taken from a totally necrotic fémoral 
head, clusters of large needle-shaped crystals were présent throughout 
the marrow spaces. These proved by x-ray diffraction studies to be 
calcium brushite, an artifact occasionally seen in decalcified tissue 
(H&E, x 25 obj.). 


Rôle of Frozen Section in Orthopaedics 


Intraoperative frozen sections constitute an important tool in assist- 
ing a surgeon in his decision making. Whether for diagnosis or 
the évaluation of resection margins, the frozen section can help in 
determining the definitive surgical procedure for a particular case 
(Fig. 2-27). 

With the increasing use of implant devices, it is especially impor¬ 
tant to differentiate between infection and a cellular reaction to 
implant débris when treating failed prostheses. In the case of sus- 
pected neoplasia, frozen sections can usually differentiate between 
tumor, inflammation, or necrotic tissue. 

The pitfalls of frozen section are inadéquate tissue, tissue that is 
not représentative of the entire lésion, tissues that are calcified and 
therefore difficult to adequately section without further processing, 
and artifacts resulting from the surgical manipulation of the tissue 
or from poor freezing technique. (These artifacts tend to be particu- 
larly problematic in differentiating round cell tumors from infection 
or spindle cell tumors from exubérant granulation tissue.) 



FIGURE 2-27 Photomicrograph of an intraoperative frozen section of 
synovium removed from a failed hip prosthesis shows a significant degree of 
acute inflammation consistent with infection (H&E, x 25 obj.). 







Wilhelm Conrad Rôntgen (1845-1923). Rôntgen won the first Nobel Prize in 
Physics in 1901 for his discovery (1895) of electromagnetic radiation in a wave- 
length range now known as x-rays. Shown next to the portrait of Rôntgen is a 
radiograph of his wife s hand. When she saw her skeleton, she exclaimed: “I hâve 
seen my death!” (From the Wellcome Library, London.) 
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Imaging plays a very important rôle in the identification, diagnosis, 
and management of bone and soft tissue diseases and is essential to 
good orthopaedic and pathology practice. Radiography is the lon- 
gest established imaging modality and still remains the cornerstone 
of musculoskeletal imaging. Definitive diagnoses of many bone and 
joint disorders, such as fractures, arthritis, and some metabolic dis- 
ease, can be made from radiographs alone without recourse to more 
sophisticated techniques. 

The range of imaging techniques has expanded over the past 
30 to 40 years to include radionuclide (RN) scanning, computed 
tomography (CT), ultrasound (US), and magnetic résonance imag¬ 
ing (MRI). CT, MRI, and US hâve greatly improved the identification 
and characterization of some entities, especially soft tissue lésions, 
often not readily visualized on radiographs. These techniques 
require skill and expérience in their execution and interprétation. 

For resources and imaging techniques to be used appropriately 
and effectively, there must be close collaboration between clinician, 
pathologist, and radiologist, particularly when dealing with poten- 
tially malignant bone and soft tissue tumors. 

The rôle of musculoskeletal imaging includes 

• Confirmation of the presence of a skeletal lésion 

• Définition of the morphologie characteristics of the lésion 

• Performance of sequential investigation in a proper order, to 
refine the differential diagnosis of individual lésions 

• To characterize the features, location, and distribution of 
skeletal disorders 

• Identification of “dont touch” lésions, including lésions neces- 
sitating no further active investigation or treatment 

• Récognition of the limits of imaging, 

• Staging of malignant tumors, and identification of tumor 
récurrence 

• Guidance for invasive procedures, such as targeted biopsy 

• Monitoring progress of lésions 

• Identification of complications of treatment. 

Despite sophisticated developments in imaging, there continue 
to be limitations in tissue-specific diagnoses, particularly regard- 
ing tumor types and grades. Therefore, corrélation of a patients 
radiologie findings with the histopathologie and clinical assess- 
ment remains of paramount importance. Errors are less likely to be 
made if such teamwork, which relies on effective communication, is 
practiced. 

The biopsy of suspicious lésions should be performed after 
imaging, because the presence of a cortical defect or hematoma fol- 
lowing bone biopsy may erroneously raise the suspicion of malig- 
nancy on subséquent imaging. Biopsy of soft tissue lésions should 
be performed only in consultation with surgeons experienced in 
the management of soft tissue sarcomas, because an inappropriate 
approach may adversely affect the subséquent resectability. 


Imaging Methods 


TECHNIQUES THAÏ USE IONIZING 
RADIATION (X-RAYS) 

Radiography 

When radiography is undertaken, some x-rays are absorbed, depend- 
ing on the thickness and the atomic number of the tissues through 
which they pass; the remainder then exit the body, giving a differen¬ 
tial pattern of x-rays, which falls onto the fluorescent screens of the 
radiographie cassette. 


The use of fluorescent screens was an important development; in 
the past, the formation of a radiographie image relied on the direct 
interaction between the x-rays and the radiographie film, without 
the use of screens. Therefore, a much higher dose of radiation was 
needed to form an image, with greater risk to the patient. 

Bone and calcium, give a white, radiodense’ appearance on the 
radiograph; air and fat, a black, radiolucent,’ appearance; soft tis¬ 
sues such as muscle, show intermediate x-ray transmission and 
appear gray on the processed film (Fig. 3-1). (CT, US, and MRI may 
be needed to assess the soft tissue components of lésions.) 

Radiographs are two-dimensional (2D) images of three-dimensional 
(3D) anatomy, with superimposition of overlying structures in the path 
of the x-ray beam. In order to define clearly the anatomie site and extent 
of a bone lésion, at least two views (for example anteroposterior and 
latéral) are needed. Destruction of cortical bone is best seen where the 
x-ray beam is tangential, rather than perpendicular, to an area of 
cortical destruction (Fig. 3-2). 

Loss of trabecular bone is often more difficult to define. Up to 
40% of the trabecular bone may be destroyed before its loss is 
évident on a radiograph. Therefore, radiography can be insensi¬ 
tive to subtle bone destruction or abnormality (Fig. 3-3). A normal 
radiograph does not reliably exclude the presence of a bone lésion. 
Détection of a lésion on radiographs may be particularly difficult in 
areas of complex anatomy, such as the wrist or foot, or where bone is 
obscured by overlying structures, such as the sacrum on an antero¬ 
posterior view of the pelvis. In these cases, RN bone scanning can 
be sensitive in identifying that a lésion is présent, but may be limited 
in its specificity for defining the pathologie etiology. Targeted cross- 
sectional imaging, using CT or MRI, is then useful to subsequently 
define the pathology, the exact anatomie location, and the extent of 
the lésion (Fig. 3-4). 

When radiographie images are being examined, it is essential to 
optimize viewing conditions. Radiographs should be viewed on ded- 
icated viewing boxes, with subdued background lighting. A bright 
light should be available to examine dark areas of the image, and a 
magnifying glass may be useful, for example in the identification of 
early bone érosions. 

Technologie developments hâve led to the introduction of digi¬ 
tal imaging, in which the image data are processed electronically. 
Although digital images do not hâve the high spatial resolution of 
radiographie film-screen combinations, they hâve the advantages 



FIGURE 3-1 Posteroanterior chest radiograph. The bones appear radiodense 
(white); air in lungs appears radiolucent (black). Pulmonary métastasés from 
bone sarcoma are radiodense within the lung. 
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FIGURE 3-2 Metastasis in the shoulder. A, Anteroposterior radiograph of the right shoulder showing an obvious destructive lésion of the glenoid. Cortical 
destruction is demonstrated because the x-ray beam is tangential to the cortex in this area. However, on the latéral projection (B), the cortical bone destruction 
is not évident because the x-ray beam is vertical to the cortex. Note also in A, a peripheral mass in the lung, which is the lung cancer from which the bone 
métastasés arose. 




FIGURE 3-3 The patient gave a history of falling down stairs and 
presented with pain in the knee. A, Radiograph showed latéral 
osteoarthritis but no obvious fracture. B, CoronalT 2 -weighted magnetic 
résonance imaging scan shows a high signal in a fracture through the 
latéral fémoral condyle, involving the joint surface, and associated with a 
joint effusion (high signal). 


FIGURE 3-4 Bone sarcoma shown on pelvic computed tomography scan. 
No abnormality could be identified on the pelvic radiograph, because the 
right sacral area was obscured by overlying abdominal gas. Bone settings 
(level = 250 HU, window width = 1000 HU), demonstrating destruction 
of right sacral ala and posteromedial aspect of the ilium. There is a large 
overlying soft tissue mass. 


of greater exposure latitude, image enhancement, manipulation, 
and storage. Digital images can be stored and transmitted electron- 
ically, providing the basis of filmless picture archiving and commu¬ 
nication Systems, or can be printed on film if required. 

Techniques that use ionizing radiation must be performed only 
when there is clinical justification. Dose minimization techniques 
should be used with gonadal shielding when possible, particularly in 
children and young adults. Examinations should be tailored to the 


clinical indication, and unnecessary répétition should be avoided, 
because ail ionizing radiation examinations carry an element of 
risk. 

Computed Tomography 

CT of the head transformed the practice of neuroradiology fol- 
lowing its introduction in 1972 for brain imaging, and the poten- 
tial for imaging other parts of the body was soon realized. Body CT 
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scanners were introduced in 1975, with one of their important 
clinical applications being in musculoskeletal disorders. 

In CT, the x-ray beam is finely collimated, giving a fan-shaped 
beam with typical slice widths of 1 to 10 mm. The x-ray tube rotâtes 
around the patient, and sensitive detectors record the x-rays that 
pass through the body. Powerful computers use the pattern of exit- 
ing x-rays to construct an image. This is viewed as a gray scale image, 
with the varying shades from black to white representing the range 
of x-ray atténuations of the tissues. 

Tissues with high atomic number and x-ray atténuation val¬ 
ues, such as bone, appear white; low atténuation areas, such as 
air and fat, appear dark; and other soft tissues, such as muscle, 
are depicted as shades of gray. The atténuation value of each pic- 
ture and volume element (pixel and voxel respectively) of the 
image can be described using Hounsfield units (HU). These form 
a numeric scale that uses the atténuation of x-rays by water as 
a reference point (OHU), and that has both positive (e.g., bone: 
250 to 1000 HU) and négative (e.g., fat: -100 HU; air: -600 HU) 
values. A wide range of atténuation values can be measured on 
CT, whereas the human eye can appreciate only limited shades of 
gray. The atténuation level (window level—mid range of atténua¬ 
tions being viewed) and range (the window width is the range of 
atténuations being viewed) must therefore be altered to optimize 
viewing of different tissue types within the constraints of a visual 
image. The use of appropriate window settings and interrogation 
of the CT images on a workstation, rather than relying on hard 
copy images (those recorded on film) for reporting, is essential to 
avoid missing lésions. To visualize soft tissues, the window level 
would be set at 50 HU and the window width would be 500 HU; to 
visualize bone the window level might be set at 250 HU with a wide 
window width of 1000 HU, and when viewing the air-filled lungs, 
the window level would be in the région of -600 HU with a window 
width of 1000 HU (Fig. 3-5). 

The use of contrast agents can aid diagnosis in CT. Contrast 
media can be administered, for example, intrathecally to give a CT 
myelogram, or into joints to give CT arthrography. 

The advantages of CT include the following: 

• The ability to display cross-sectional anatomie data on CT 
transverse sections, which overcomes the problem of overlap- 
ping structures on 2D radiography 

• CT is better than radiography for soft tissue imaging (but not 
as good as MRI), because it has higher soft tissue contrast 
sensitivity 

• CT imaging protocols can be optimized for spécifie clinical 
scénarios 

• Quantitative data on composition (e.g., bone densitometry), 
dimensions, or contrast enhancement can be provided 

• Data can be manipulated to give multiplanar reconstructions 
(coronal, sagittal) or 3D images 

• CT is good for assessing cortical bone 

The disadvantages of CT include 

• The use of significant doses of ionizing radiation; CT cur- 
rently contributes a major proportion of medical radiation 
exposure 

• Inferior soft tissue contrast resolution compared with that 
of MRI. 

Technologie advancements of continuous spiral and multi-slice 
imaging hâve led to reduced examination times and hâve also pro¬ 
vided improved longitudinal spatial resolution, dynamic contrast 
enhanced scanning, and 3D volume acquisition (Fig. 3-6). 



FIGURE 3-5 Computed tomography scan of the chest. A, Lung window 
settings (level = -600 H U, window width = 1000 Fl U). Only the lungs are 
visible. B, Soft tissue settings (level = 50 H U, window width = 250 FIU). 
Hemangioma of left chest wall (arrow) showing rim enhancement with 
contrast medium administered intravenously. 



FIGURE 3-6 Three-dimensional computed tomography scan of the skull 
demonstrating a fracture extending through the right frontal région of the 
vault and maxilla, and involving the right orbit. 
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Radionuclide Scanning 

RN bone scanning was introduced in the early 1960s. Since that 
time, developments in radiopharmaceutical agents and scanning 
techniques hâve led to significant improvements in the spatial reso¬ 
lution of RN scan images. 

In RN bone scanning, technetium-99m is used to label phos¬ 
phate compounds, such as methylene diphosphonate ( 99m Tc-MDP), 
which is then administered intravenously. 99m Tc-MDP is chemi- 
cally absorbed onto hydroxyapatite crystals in bone. Its uptake is a 
reflection primarily of osteoblastic activity, but is also dépendent on 
vascularity. Approximately 70% of the administered dose of RN is 
excreted through the kidneys within 24 hours. Radiation exposure 
to the bladder can be minimized by good hydration of the patient 
and frequent micturition. 

Photon émission from the whole skeleton or localized sites can be 
recorded using a scintillation caméra. Initially, the radiopharmaceuti¬ 
cal can be detected intravascularly, before pooling in soft tissues and 
then being taken up in bone, over approximately 2 hours, where 50% 
of injected 99m Tc-MDP localizes. This can be imaged as a Triple phase’ 
examination, with images obtained immediately (the flow images), 
after a few minutes (the blood pool images), and after approximately 
4 hours (the static images) (Fig. 3-7). Depending on the indication 
for the scan, only the static images may be necessary. 

RN scanning is very sensitive to abnormalities in the skeleton. 
Any process that alters the balance between bone résorption and 
bone formation can cause abnormalities on the bone scan, with 
régions of increased osteoblastic activity (‘hot spots’) or decreased 
activity (cold spots’). RN scanning is very useful in the détection 
of pathologie changes at a symptomatic site, when radiography 
has shown no abnormality, because even small areas of increased 
activity are easy to detect. 


Because a wide variety of conditions, both normal (epiphyses and 
metaphyses of the growth plate in children) and pathologie (primary 
and secondary bone tumors, osteomyelitis, fractures, metabolic bone 
disease and arthropathy), may show increased activity, RN scanning 
is nonspecific. The distribution of abnormality may suggest particular 
processes: for example, multiple ‘hot spots’ throughout the skeleton 
in the presence of normal radiography suggest métastasés (Fig. 3-8A), 
diffuse enlargement and increased activity of a single bone occurs in 
Paget’s disease, and focal abnormalities adjacent to joints may repre- 
sent degenerative arthritis with hyperostosis (Fig. 3-9). 

Single photon émission computed tomography applies tomo¬ 
graphie technology to RN scanning, enabling a cross-sectional 
image to be obtained. This enhances the conspicuity of lésions and 
is useful in their localization. 

Positron-émission tomography (PET) uses positron emitting 
radioisotopes. The RN most frequently used is F-18 deoxyglucose 
(FDG), which is taken up in cells proportionally to the rate of glyco- 
lysis in the cell. Malignant tumors, inflammation, and other condi¬ 
tions of high metabolic turnover therefore hâve increased uptake of 
FDG. In addition, because malignant tumors hâve a decreased abil- 
ity to break down the byproduct of FDG, it is trapped in the cells and 
can be seen on a scintigram as an area of increased uptake. The scin- 
tigram is often combined with simultaneous CT (PET CT) for exact 
localization of the sites of increased uptake (see Fig. 3-8B). PET- 
FDG scanning is used mainly in detecting soft tissue and skeletal 
métastasés. PET may be useful in differentiating benign from malig¬ 
nant lésions. In some cases, however, some benign conditions with 
high metabolic activity, such as osteomyelitis and Paget’s disease, 
may hâve high uptake, whereas some malignant lésions may hâve 
lower metabolic turnover, such as some osteoblastic métastasés, and 
may not show high uptake. 
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FIGURE 3-7 Three-phase radionuclide scan in a patient who has Charcot changes in the midfoot portion of both feet and osteomyelitis involving the first 
metatarsophalangeal joint of the right foot. Images hâve been obtained immediately (the flow images) (A); after a few minutes (the blood pool images) 
(B), and after approximately 4 hours (the static images) (plantar view) (C).There is increased blood flow and increased uptake of radionuclide in the bones 
of the mid-part of each foot (due to Charcot changes) and in the area of infection in the right foot. (Courtesy of Dr. Mary Prescott, Consultant Nuclear 
Medicine Physician, Manchester Royal Infirmary, UK.) 
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FIGURE 3-8 A, Radionuclide scan:‘hot-spots' due to areas of increased uptake of the radionuclide may be nonspecific, but there may be a characteristic distribution, 
as here where areas of increased uptake in the skull, clavicle, spine, and pelvis are indicative of bone métastasés. B, Positron émission F-18 deoxyglucose computed 
tomography axial image of the thorax shows high uptake in the right posterior ninth rib due to lymphoma. Note lower level uptake is also seen here in the heart. 



Coronal 

FIGURE 3-9 Radionuclide scan in osteoarthritis.There are degenerative changes 
bilaterally at the facet joints in the lumbar spine at L5/S1.A coronal image 
showing increased uptake in both facet joints. (Courtesy of Dr. Mary Prescott, 
Consultant Nuclear Medicine Physician, Manchester Royal Infirmary, UK.) 

The advantages of RN scanning include 

• High sensitivity to increases in bone turnover 

• A good survey technique for abnormality anywhere in the 
skeleton 


• A rôle in the initial localization of bone lésions, enabling fur- 
ther imaging by other modalities to be targeted to the relevant 
anatomie site 

The disadvantages of RN scanning include 

• Poor spatial resolution 

• Nonspecific appearances for areas of increased activity 

• False-negative scans in myeloma and osteoclastic métastasés 

• Relatively high radiation dose, particularly to bone marrow, 
and in children. 

TECHNIQUES THAÏ DO NOT USE 
IONIZING RADIATION 

Ultrasonography 

This technique has been in use since the late 1960s, initially in obstet- 
ric and antenatal practice. Its use has now disseminated to almost 
ail radiologie fields, with increasing musculoskeletal applications. 
US equipment has the advantages of being relatively inexpensive, 
small, and mobile when compared with other imaging hardware 
but is highly dépendent for acquisition and interprétation of the US 
images on the expertise of the operator. 

During an US scan, sound waves are emitted from a transducer 
held against the skin surface. The use of lubricating gel couples the 
transducer to the patient, allowing the transmission of the sound 
waves into the body. The US waves are reflected at tissue interfaces 
within the patient and are detected back at the transducer. By timing 
the period elapsed from émission of the sound waves to the détec¬ 
tion by the transducer, the depth to the echo-producing structure 
can be calculated. This information is displayed on a screen and 
can be recorded digitally or by using film, video, or thermal paper 
images. The use of the Doppler principle enables qualitative and 
quantitative observation of vascularity and blood flow. 
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Not ail of the Sound waves are detected back at the transducer; 
some are lost due to scatter, absorption, and reflection within the tis- 
sues. This atténuation dépends partly on the frequency of the waves: 
high-frequency waves show greater absorption than low-frequency 
waves. High-frequency US has the advantage of good spatial resolu¬ 
tion, but because of high atténuation, can be used only to visualize 
superficial structures. If deeper structures are to be visualized, lower 
frequency US has to be used, at the cost of poorer spatial resolu¬ 
tion. Frequencies most commonly used for routine ultrasonography 
range between 3 and 14 MHz. 

The examination of tendons is one of the commonest indica¬ 
tions for musculoskeletal sonography, particularly around the 
shoulder, ankle, and wrist. Normal tendons hâve an echogenic, 
fibrillar structure in the longitudinal plane and are ovoid in cross- 
section (Fig. 3-10). US has the considérable advantage over MRI 
tendon scanning of allowing dynamic examination of these struc¬ 
tures, with easy comparison with the contralatéral limb. 

US is also useful to confirm or réfuté the presence of a mass, 
whether perceived or occult. Cystic lésions are clearly distinguish- 
able from solid lésions by their hypo/anechoic appearances, their 
compressibility, and the presence of posterior acoustic enhance- 
ment. Their location and relationships may suggest spécifie diagno¬ 
ses, such as parameniscal cysts. Many masses hâve nonspecific US 
appearances, whereas a few hâve more characteristic appearances. 
Neuromata, for example, are typically hypoechoic with a fusiform 
shape and a neural ‘taiF leading to and from the lésion. The presence 
of sinister clinical features, such as rapid growth or onset of pain, 
may necessitate examination with another modality, such as MRI, to 
examine for evidence of malignant pathology. 

The sensitivity of US to the détection of fluid makes it partic¬ 
ularly useful in the confirmation of joint effusions, particularly in 
deep joints such as the hip and the shoulder. US provides a useful 
technique for guided aspiration of effusions, and can also be used for 
real-time guidance of other procedures, such as therapeutic injec¬ 
tions and soft tissue biopsies. 

The advantages of US include 

• Relatively low cost, compared with MRI and CT 

• Multiplanar imaging 

• The ability to perform dynamic scanning on active and passive 
movements (tendons, muscles, joints) 

• Relatively portable and easily transportable equipment 


• A high level of patient acceptability 

• No use of ionizing radiation 

• Harmless at the intensities used in clinical practice. 

The disadvantages of US include 

• Reliance on the skill and expertise of the operator in acquisi¬ 
tion and interprétation of the images 

• A long learning curve for developing skill in performing 
musculoskeletal US imaging and a relative lack of training 
opportunities in performing such scanning 

• Relatively limited information gleaned of the pathologie com¬ 
position of solid tumors 

• The images being of limited value for objective interpréta¬ 
tion by those who hâve not themselves performed the scans. 
This limits clinical acceptance of the technique and so slows 
changes in practice by referring clinicians who may not be 
familiar with US. 

Magnetic Résonance Imaging 

MRI employs magnetic fields and radiowaves rather than ionizing 
radiation. Materials placed in a magnetic field can absorb and re- 
emit radiowaves of a spécifie frequency. The application of magnetic 
fields and excitation radiofrequency puises to a patient, with détec¬ 
tion of the signal emitted from the tissues of interest, can be used to 
build up an image. 

Most MRI sequences are tuned to detect hydrogen nuclei in 
water (protons). Therefore, images reflect the relative concentra¬ 
tions of protons in tissues by measuring the signais from individual 
volumes of tissue (voxels) in the patient and displaying these as a 
gray-scale image. 

Each proton spins, like a top, around an axis. In the absence of 
a magnetic field, these axes are randomly orientated and produce 
no net magnetic effect. Inside the MRI scanner, the static magnetic 
field causes the axes of rotation of the protons to align with the 
long axis of the magnet, with a slight excess orientated parallel to 
the field. As well as spinning, the protons also ‘wobble,’ or precess, 
around their long axes with a fixed frequency. The tilt in the spin 
axis of a proton splits its magnetization vector into both longitudi¬ 
nal and transverse components. 

During MRI, radiofrequency puises and magnetic field gradients 
are used to re-align the axes of rotation of the spinning protons 



FIGURE 3-10 Ultrasound of tendons. A, Longitudinal scan of Achilles' tendon in a patient with rheumatoid arthritis showing the fibrillar, echogenic structure 
of the tendon ( arrows ), above which is a less echogenic oval structure, which is a rheumatoid nodule. B, Transverse scans of the wrist showing the flexor tendon 
(FT) and the médian nerve (MN); note that the tendon is more echogenic than the nerve. 
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and to pull their precession into step, or phase, with each other. 
When the excitation puise is over, the protons spinning at an angle 
to the longitudinal axis of the scanner act like rotating magnets in 
a dynamo, inducing a tiny current in the surrounding coil, which 
can be detected and amplified to give a signal, and hence an image. 
The spinning protons then return to their original orientation. 

Longitudinal relaxation occurs as their spin axes realign to the 
long axis of the magnet. T : is defined as the time taken for the lon¬ 
gitudinal magnetization vector to recover to 63% of its maximal 
value. This value varies, depending on how quickly protons give 
up energy to their surroundings. The greater the proportion of free 
water in a tissue, the longer the T : value for that tissue. As the pre- 
cessing protons déphasé, the transverse component of the magneti¬ 
zation vector decreases exponentially, with decrease in signal. T 2 is 
defined as the time taken for the MRI signal to fall to 37% of its 
maximal value. The T 2 value is always shorter than the T : value of a 
tissue, and it is also longest in tissues with a high proportion of free 
water, where there is less spin-spin interaction. 

The T : and T 2 values vary for different tissues and therefore are 
used for forming the image. The timing of excitation puises and the 
collection of signal enable different sequence weighting. T^weighted 
images give maximum contrast between tissues dépendent on pro¬ 
ton density and T : values, with fat being of high signal (bright, white 
signal) and fluid being low in signal (dark, black signal). T 2 -weighted 
images use longer times to détection of signal and reflect T 2 con¬ 
trast différences between tissues, with fluid being brighter than fat. 
The relative signais of some different tissues on T : - and T 2 -weighted 
images are shown in Table 3-1, and those of hemorrhage are given 
in Table 3-2. The signal characteristics of hemorrhage dépend on 
the presence of different blood products according to the âge of the 
bleed 

Intravenous MR contrast media containing chelated gadolin¬ 
ium (Gd DTPA) cause increased signal on T^weighted images 


TABLE 3-1 Signal Intensities of Tissues of the Musculoskeletal System on 
T n - and T 2 -Weighted Magnetic Résonance Images (MRI)* 



due to a paramagnetic effect. They are water-soluble and are 
used to produce increased (‘positive’) contrast between areas of 
high uptalce and the surrounding tissues (Fig. 3-11). ‘Négative’ 
contrast media, such as iron oxide particles, are also used. These 
rely on ferromagnetic effects and give reduced signal in areas of 
uptalce. 

A great number of MRI sequences hâve been developed to 
potentiate tissue contrast, and enhance the conspicuity of patho¬ 
logie lésions. Short tau inversion recovery sequences, for example, 
hâve a puise designed to suppress the high signal from fat, mak- 
ing high signal fluid and edema more conspicuous, and pathologie 
lésions more obvious (Fig. 3-12). 

The high contrast sensitivity of MRI makes it the modality of 
choice for defining the soft tissue margins of tumors and marrow 
changes within bones. Therefore, it is an important method of imag- 
ing the extent of tumors. MRI scans do give some indication of the 
pathologie nature of lésions, but they may be nonspecific; edema, 
for example is high signal, whatever the cause. 

The advantages of MRI include 

• The capacity to image in any anatomie plane (multiplanar 
imaging) 

• High soft tissue contrast, with some indication of tissue 
composition 

• No use of ionizing radiation 

• Acquisition of 3D volume data using gradient écho sequences, 
with potential for multiplanar display 

• Noninvasive imaging of blood vessels and other structures 
(e.g., bile and pancreatic ducts in MR cholangiopancreatog- 
raphy), without the use of contrast media or interventional 
methods. 

The disadvantages of MRI include 

• The high cost of equipment 

• Problems with image artifact from motion (e.g., of bowel, 
heart, and respiration) and ferromagnetic objects 

• Not as good as CT for imaging cortical bone 

• Contraindications to use (cardiac pacemakers, some cérébral 
aneurysm clips, claustrophobia, first trimester of pregnancy, 
metallic foreign body in eye) 


Morphologie Abnormalities of Bone 


The récognition of abnormal bone appearances is foremost in slcel- 
etal radiology, and requires familiarity and expérience to enable 
distinction between a pathologie lésion and the wide range of 
radiographie normality. Patient demographics, and clinical and 
laboratory data are important in placing the imaging features into 
context. 


TABLE 3-2 The Signal Intensities of Hemorrhage on Magnetic Résonance Images (MRIs), on T^Weighted (T q -W) orT 2 -Weighted (T 2 -W) Sequences* 


Age of Hemorrhage 

Approximate Time 

Blood Product 

T n -W Signal 

T 2 -W Signal 

Hyperacute 

< 24 hours 

Oxyhemoglobin 

Intermediate 

High 

Acute 

1-3 days 

Deoxyhemoglobin 

Low 

Low 

Subactue - early 

> 3 days 

Intracellular methemoglobin 

High 

Low 

Subacute - late 

> 7 days 

Extracellular methemoglobin 

High 

High 

Chronic 

> 14 days 

Hemosiderin/ferritin 

Low 

Low 


* Areas that give a high signal appear white, those that give a low signal appear black, and those that give an intermediate signal are seen as shades ofgray. 
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FIGURE 3-11 A and B, Soft tissue sarcoma of the left calf; radiography showed no abnormality. A. Transverse computed tomography—a mass is présent, 
but its margins are difficult to define because it has similar atténuation characteristics to adjacent normal muscle. The tumor is more clearly demonstrated 
by B, a transverse T^weighted gadolinium-enhanced magnetic résonance imaging (MRI) scan. C and D, SagittalT^weighted MRI scan before contrast 
enhancement (C) and after enhancement with gadolinium-labeled diethylene triamine pentaacetic acid (D). 



FIGURE 3-12 Radiograph of the hand (A) shows possible scaphoid fracture, which is clearly seen in a T^weighted MR image (B); short tau inversion recovery 
image clearly shows edema at the site of the fracture (C). 


The following section aims to illustrate an approach to morpho¬ 
logie abnormalities of bone. Examples of characteristic distinguish- 
ing features are provided, rather than an exhaustive list of multiple 
conditions, which are covered elsewhere in this book. 

SCLEROSIS 

Sclerosis is seen on radiographs as an increase in bony density 
(white). Increased density may be generalized, régional, or focal 

Generalized Sclerosis 

Generalized osteosclerosis results from a range of conditions, but 
the identification of spécifie features helps to réfuté or confirm 


particular diagnoses. Osteopetrosis is a dysplastic condition associ- 
ated with abnormal bone modeling and generalized increase in bone 
density (Fig. 3-13). A ‘bone within a bone’ appearance is character¬ 
istic of this condition. Myelofibrosis, in which progressive fibro- 
sis of the bone marrow in middle-aged patients causes generalized 
bony sclerosis, is associated with splenomegaly and extramedullary 
hematopoiesis. Patients with fluorosis often hâve, in addition to 
sclerosis, ossification of ligaments (enthesopathy). 

Régional Sclerosis 

Paget s disease is a classic cause of régional osteosclerosis. The dis- 
ease can affect any bone, single or multiple, but occurs most often in 
the skull, axial skeleton, extremities, and pelvis, with characteristic 
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FIGURE 3-13 Generalized sclerosis—osteopetrosis. Pelvic radiograph shows 
sclerotic bones and a ‘bone within a bone' appearance. 


thickening of the ilio-pectineal line; bone expansion and a disor- 
dered trabecular pattern are typical findings (Fig. 3-14). (In the 
early phase of the disease, there can be a lytic, or mixed lytic and 
sclerotic, appearance.) Characteristically, Paget’s disease extends 
from the end of a long bone, often with a ‘flame-shaped’ leading 
edge (cortical splitting). Bone fragility results in bowing of weight- 
bearing bones, with incrémental fractures on the outer, convex 
margin. 

Patchy/Focal Sclerosis 

The multiplicity and distribution of focal sclerotic lésions are useful 
in diagnosis. Osteoblastic métastasés, most commonly from bron¬ 
chial, prostatic, and breast primary cancers, are usually multiple. 
In osteopoikilosis, the distribution of uniformly well-defined, small 
lésions in the ends of long bones is characteristic. Melorheostosis is 


a rare osteosclerotic dysplasia in which there are irregular masses of 
sclerotic bone that ‘flow’ like ‘dripping candie wax’ from the bones 
of the limbs (Fig. 3-15). 

OSTEOPENIA 
Generalized Osteopenia 

A decrease in radiographie bone density reflects either decreased 
quantity of bone (osteoporosis) or defective mineralization (reduced 
calcium per unit volume) of bone (osteomalacia). 



FIGURE 3-15 Focal sclerosis—melorheostosis. Radiograph of elbow (A) and 
hand (B), showing sclerotic masses of bone flowing like ‘dripping candie wax' 
from the distal humérus and second metacarpal, respectively. 




FIGURE 3-14 Régional sclerosis—Paget's disease of bone. A, Hands. Several metacarpals and phalanges are increased in density and size, with loss of 
corticomedullary différentiation. B, ‘Flame edge' (arrows) due to splitting (lysis) of the cortex at the advancing edges of Paget's disease. 
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Osteoporosis, seen most often in post-menopausal women, is 
a deficiency in the quantity of bone, resulting either from defec- 
tive bone formation or an imbalance between bone accretion and 
résorption. 

Radiographically, there is thinning of the bony cortices and 
résorption of secondary trabeculae, with prominence of remain- 
ing trabeculae giving vertical striations, particularly in the vertébral 
bodies. As a conséquence, fractures occur with little or no trauma 
(insufficiency fractures), particularly in the spine, proximal fémur, 
and distal radius. In the spine, fractures resuit in wedge, end-plate, 
or crush deformity of the vertebrae causing thoracic kyphosis and 
loss of height (Fig. 3-16). The diagnosis of osteoporosis from radio- 
graphs is unreliable in the absence of fractures, and therefore, quan¬ 
titative measurements of bone density hâve been developed such 
as dual energy x-ray absorptiometry and quantitative computed 
tomography. These methods can be applied to measure bone min¬ 
erai density in axial and peripheral skeletal sites. 

Osteomalacia, or defective bone mineralization, is another cause 
of generalized osteopenia in both adults and children. In childhood, 
the pathognomonic features of rickets relate to defective enchon- 
dral ossification and are évident at the metaphyses (Fig. 3-17). In 
adults, osteomalacia causes the diagnostic Loosers zone (Fig. 3-18). 
This linear lucent lésion is most often seen in the médial border 
of the fémoral neck but may also be seen in the pubic rami, latéral 
border of the scapulae, and ribs. Loosers zones occur perpendicu- 
lar to the cortex, often hâve a sclerotic margin, and can extend right 
across the affected bone, but heal with appropriate treatment. 

Régional Osteopenia 

Régional osteopenia often results from immobilization or disuse, 
such as after a fracture or immobilization, or both. This disuse 
osteoporosis occurs more rapidly than senile osteoporosis. The 
bone has a patchy, almost permeative, appearance, caused by 
osteoclastic bone résorption in the cortex and hyperemia. In reflex 



FIGURE 3-16 Latéral thoracic spinal radiograph showing osteoporotic 
changes with marked reduced bone density, and multiple wedge or 
end-plate fractures. Note that the vertébral bodies are discernible 
only by the end plates. 

sympathetic dystrophy (Sudecks atrophy), a similar appearance 
can follow even relatively minor local or régional trauma and is 
accompanied by pain and soft tissue swelling. There is increased 
uptake of RN on bone scan (Fig. 3-19). 



FIGURE 3-17 A, Rickets in a child showing bending of the bones (knock-knees), widening of the growth plate, and defective, irregular mineralization of the 
metaphyses, which are cupped and flared in shape. B, Rickets in the metaphyses of the radius and ulna of the wrist, showing healing over a period of 4 months 
(top-down), following therapy. 
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FIGURE 3-18 Osteomalacia. Looser's zones seen here in the forearm are 
horizontal translucent zones with sclerotic margins. Usual sites include the fémoral 
necks, pubic rami, latéral borders of the scapulae, and ribs. Complété fractures can 
extend through Looser's zones, and these heal with appropriate treatment. 


Transient osteoporosis of the hip is a rare disorder first described 
in women during the last trimester of pregnancy but actually seen 
most often in middle-aged men. The disease is characterized clini- 
cally by pain in the affected hip. Radiographically, there is osteope- 
nia with no joint space narrowing, in the absence of other causes of 
synovitis or osteoporosis. Within a few months, the pain and the 
radiologie abnormalities may résolve spontaneously. MRI and RN 
bone scans are sensitive imaging techniques to identify this entity 
at an early stage. 

ABNORMAL TRABECULAR PATTERN 

An abnormal trabecular pattern is rarely seen in isolation; it usually 
occurs with abnormal bone density or shape (Fig. 3-20). 

Generalized Abnormal Trabecular Pattern 

Conditions that resuit in marrow expansion, such as lipid stor- 
age disorders and hemoglobinopathies, cause abnormal trabecular 
appearances. Identification of the typical radiographie and démo¬ 
graphie features assist in defining the spécifie diagnosis. In Gauchers 
disease, most prévalent in Ashkenazi Jews, abnormal accumulation 
of lipid occurs in the réticuloendothélial cells. In the bones, this 
results in endosteal cortical scalloping, résorption of spongy trabe- 
culae and osteopenia. Erlenmeyer flask deformities of the distal fem- 
ora are characteristic, and fractures, osteonecrosis, and infection 
may occur. 

Patients with hemoglobinopathies share some features of 
Gauchers disease. The bones may lose their normal tubulation 
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FIGURE 3-19 Sudeck's reflex sympathetic dystrophy in the right foot. A, Radiograph of the feet show that the bones of the right foot are reduced in density 
when compared to the left foot.Three-phase radionuclide scans: immédiate—blood flow (B) and blood pool phases (C), respectively, show increased uptake in 
the right foot due to hyperemia and increased bone turnover. 
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FIGURE 3-20 A, Paget's disease—pelvis with involvement of the right hemipelvis and right fémur, which show disordered trabecular pattern, mixed lysis 
and sclerosis, and deformity (bending) of the bone affected due to bone softening.There are incrémental fractures along the outer cortex of the right fémur 
(arrows). B, Monostotic Paget's disease involving the third metacarpal, which is increased in size and has a disorganized and sclerotic trabecular pattern. 


(narrow shafts with wider ends) and show a net-like trabecular pat¬ 
tern caused by expansion of the marrow cavity (Fig. 3-21). In the 
skull, marrow expansion causes thickening of the vault, with a ‘hair 
on end appearance.’ Bone infarcts occur in sickle cell diseases and 
these can resuit in shortened and distorted bones if they involve the 
growth plate of the immature skeleton (Fig. 3-22). 



FIGURE 3-21 In hématologie disorders such as thalassemia major, hand 
bones may be expanded with loss of normal tubulation and a ‘net-like' 
trabecular pattern due to marrow hyperplasia. 


Focal Abnormal Trabecular Pattern 

Focal bone lésions can also be associated with trabecular abnormal- 
ity. Flemangiomata, for example, show a striated pattern on radiog- 
raphy, especially when involving the vertébral body. These lésions 
show a spotty appearance on transaxial CT, caused by sectioning 
across the thickened, vertical trabeculae, and hâve characteristic fat 
signal on MRI (Fig. 3-23). 

In the context of trauma, a focal abnormality of the trabecular 
pattern may be the only radiographie sign of fracture. This is par- 
ticularly true in children, whose bones are relatively elastic and can 
fracture with plastic deformation of the bone without a visible corti¬ 
cal break. In adults, a band of relative sclerosis in a bone may reflect 
an impacted fracture, often less easily recognized than the more 
familiar lucent fracture line. Some fractures may be subtle and not 
identified on radiographs; in such cases, MRI, or alternatively RN scan- 
ning, are more sensitive techniques for confirming the presence of 
fracture, particularly in sites such as the fémoral neck and scaphoid. 


Bone Tumors and Tumor-Like Bone Lésions 


Patients with bone tumors can présent to clinicians of various disci¬ 
plines, most frequently to orthopaedic and emergency departments. 
Timely interprétation of radiologie examinations by appropriately 
trained personnel is important. Systematic review of the images is 
required to define the nature and extent of lésions and détermine 
whether additional imaging is indicated. 

Some bone tumors may be discovered incidentally when a radio- 
graph is performed for another purpose. Alternatively, both benign 
and malignant lésions may présent with acute pain or a patho¬ 
logie fracture. Certain tumors (e.g., osteoid osteoma) présent with 
chronic pain, whereas aggressive malignant lésions often présent as 
an enlarging mass. In the context of localized symptoms and signs, 
radiographs are performed of the relevant anatomie site. 
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FIGURE 3-22 A, Short third metacarpal of index 
finger in sickle cell disease due to infarction at 
the growth plate and consequential defective 
growth in the affected bone. B, ‘Cône' epiphyses 
due to infarction of the midportion of the growth 
plates of the middle phalanx. 




FIGURE 3-23 Hemangioma of bone. A, Latéral spinal radiograph shows the second lumbar vertébral body is reduced in density and has prominent vertical 
trabecular striations ( arrow ). B, SagittalT 2 -weighted magnetic résonance imaging (MRI) scan shows increased signal from the body of L2 due to an increase 
in fluid content. C, Transverse T^weighted MRI scan shows a low signal from the fat, within which are prominent round trabeculae that are sectioned 
horizontally. 


The following features are of particular note in the différentiation 
of bone tumors: 

• Patient âge 

• Anatomie site 

• Margins of the lésion 

• Cortical bone appearances 

• Periosteal reaction 

• Presence of a soft tissue mass 


• Presence of tumor matrix calcification or ossification 

• Whether the lésion is single, or multiple 

• Family history and predisposing conditions. 

PATIENT AGE 

Primary bone tumors occur within characteristic âge distributions 
(Table 3-3). For example, benign chondrogenic, ostéogénie, and 
fibrogenic tumors occur in the bones of children and young adults. 
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TABLE 3-3 Bone and Soft Tissue Tumors Showing Characteristic Peaks in Incidence at Different Ages 



Certain malignant tumors, such as osteosarcoma and Ewings sar- 
coma, characteristically occur in the first 30 years of life. Other 
lésions, such as chondrosarcoma and myeloma, are much more 
common later in life. 

SITE OF SKELETAL INVOLVEMENT 

Bone tumors occur frequently in characteristic anatomie sites. For 
example, 50% of benign chondromas involve the small bones of the 
hands and feet (Fig. 3-24); giant cell tumor and primary osteosar- 
comas commonly occur around the knee; chordomas occur exclu- 
sively in relation to the midline axial skeleton. 

The position of the lésion in bone can also suggest the nature 
of its pathology: giant cell tumors are typically juxta-articular and 
eccentric; chondroblastomas arise in epiphyses (Fig. 3-25); chon- 
dromyxoid fibromas are typically located in the metaphyses of long 
bones. Osteosarcomas may arise either centrally or on the surface 
of the bone. Cartilage-capped exostoses tend to occur at the ends of 
long bones, because they are related to abnormalities of enchondral 
ossification and are directed away from the adjacent growing end of 
the bone. 

MARGINS OF LESION 

A narrow zone of transition between an area of bone destruction and 
normal bone, and a thin sclerotic or corticated rim are suggestive of 
a benign etiology, such as an enchondroma or nonossifying fibroma 
(Fig. 3-26). The more aggressive or malignant a bone lésion, the 
wider and less distinct will be the transition zone between destruc¬ 
tion and normal bone (Fig. 3-27). Bone destruction may hâve a per- 
meative or moth-eaten pattern of destruction that is also indicative 
of an aggressive lésion (Fig. 3-28). 


Some locally aggressive lésions, such as giant cell tumors and 
aneurysmal bone cysts, may hâve marginal features intermediate 
between these two extremes (Fig. 3-29). 



FIGURE 3-24 Bone tumors—site of involvement. Chondromas—50% 
of chondromas occur in the small bones of the hands and feet and may 
be multiple (as illustrated) in Ollier's disease (dyschondromatosis). 
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FIGURE 3-25 Chondroblastomas are usually situated in the epiphysis. 

A 12-year-old girl reported acute pain in the ankle. Radiograph shows a 
round lytic lésion with sclerotic margins in the distal epiphysis of the tibia. 


CORTICAL BONE APPEARANCES 

Benign lésions may cause some endosteal érosion of the bone cortex 
but generally cause little expansion. If bone expansion does occur in 
benign lésions, a thin shell of cortex is usually retained. Disruption 
of the cortical rim can occur in benign lésions if a pathologie fracture 



FIGURE 3-27 lll-defined, aggressive. 'Moth-eaten' permeative margin, 
pattern of bone destruction with wide zone of transition between normal 
and abnormal bone, indicative of an aggressive lésion—malignant fibrous 
histiocytoma of the distal fémur. 

has occurred, which may make différentiation between a benign or 
malignant pathology more difficult. 

Aggressive and malignant lésions erode and destroy the bone 
cortex. When this occurs, often there is an associated periosteal 
reaction and a soft tissue mass is présent. 



FIGURE 3-26 Well-defined corticated margins indicate nonaggressive, 
benign etiology (nonossifying fibroma in the distal radius). 


FIGURE 3-28 There is a permeative destructive lésion in the mid-humerus 
with an associated pathologie fracture (from breast cancer metastasis). 
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FIGURE 3-29 Intermediate features of locally aggressive tumor with 
expansion and cortical destruction. Eccentric, subchondral destructive lésion 
in the latéral fémoral condyle of the knee in a mature skeleton—giant cell 
tumor with pathologie fracture. 

Extension of an aggressive bone lésion beyond the confines of the 
bone is associated with cortical érosion and élévation of the perios- 
teum at the margins of the lésion, and is seen radiographically as a 
‘Codmans triangle’ (Fig. 3-30). 


A periosteal reaction in benign tumors is unusual, unless a patho¬ 
logie fracture has occurred. 

An aggressive, rapidly growing tumor arising within a bone extends 
into adjacent structures as a soft tissue mass over a short period. The 
use of imaging is important to define this extension. Such local staging is 
necessary to détermine whether resection and limb salvage are feasible. 
MRI is the modality of choice for such local staging (Fig. 3-31). 

TUMOR MATRIX CALCIFICATION AND OSSIFICATION 

In benign bony lésions (osteoma, osteochondroma), matrix miner- 
alization is ordered, forming trabeculae that can be traced from the 
tumor, through its margin, into the surrounding bone from which it 
arises (Fig. 3-32). The matrix of malignant osteosarcoma may also 
mineralize, but this occurs in a more haphazard fashion, forming 
clumps or sunray’ spiculés of calcification (see Fig. 3-30B). 

Cartilaginous tumors are generally radiolucent on radiographs but 
can form well-defined conglomerate clumps of matrix calcification, 
seen as broken rings or snowflake shapes, often located centrally in the 
tumor (Fig. 3-33). Fibrous tumors generally do not contain calcifica¬ 
tion that is visible on radiographs. In fibrous dysplasia the bone lésions 
may hâve a hazy, ground-glass,’ appearance because they contain an 
abundance of small osseous trabeculae intermingled with fibrous 
tissue. These lésions can expand bone and cause sclerosis (Fig. 3-34). 

FAMILY HISTORY AND PRE-EXISTING CONDITIONS 

In the small number of patients with multiple exostoses (diaphyseal 
aclasia), there is a strong family tendency and a higher incidence of 
chondrosarcoma (up to 27%) (Fig. 3-35). 

Spécifie clinical features may be associated with certain skeletal 
abnormalities. For example, in McCune-Albrights syndrome, poly- 
ostotic fibrous dysplasia is associated with precocious puberty and 
skin pigmentation. 



FIGURE 3-30 A, Malignant osteosarcoma of the distal fémur (latéral view) with sclerosis, large soft tissue mass, and elevated periosteal reaction at the 
proximal, anterior margin of tumor, giving a Codman's triangle ( arrow ), indicating an aggressive malignant lésion with soft tissue mass. B, Frontal projection 
showing speculated ‘sun ray' matrix ossification in a large soft tissue mass. 
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FIGURE 3-31 Soft tissue mass. 

A, Anteroposterior knee showing mixed sclerotic 
lésion of the distal fémoral metaphysis; 
ill-defined margin between normal and abnormal 
bone; no obvious soft tissue mass. B, Sagittal 
magnetic résonance imaging scan (T^weighted) 
clearly defines the proximal tumor extent in 
the bone, because the tumor has a low signal 
compared with the high signal of normal marrow 
fat.There is also a breach in the posterior bone 
cortex and a soft tissue mass. 




FIGURE 3-32 Matrix mineralization. Osteochondroma of the tibia with 
trabeculae in continuity with the cortex of the tibia. 


Imaging Strategies in Bone Lésions, with 
Particular Emphasis on Bone Tumors 


CLINICAL PRESENTATION 
Asymptomatic Présentation 

Bone lésions are commonly identified as an incidental finding on 
a radiograph performed for other clinical reasons, such as trauma. 
From the radiographie appearances, it may occasionally be possible 


to make a diagnosis. If appearances are indeterminate, comparison 
with any previous imaging may enable assessment of any interval 
change. A lésion showing no change over a period of years is likely 
to be benign, requiring no further action. It is important that nor¬ 
mal variants, such as accessory ossification centers or asymmetric 
closure of synchondroses, are not misdiagnosed as significant bone 
pathologies (Fig. 3-36). 

If the radiographie appearances of the lésion remain indetermi¬ 
nate, or if sinister pathology is suspected, further action is essential. 
A detailed clinical history and thorough physical examination of 
the patient should be made before embarking on further imaging, 
because these may reveal symptoms or signs relevant to the diag¬ 
nosis: for example, a history of cancer or a palpable primary tumor 
suggests that a bone lésion is likely to be a metastasis. 

In the absence of relevant history or abnormal physical signs, fur¬ 
ther imaging will be needed to détermine the nature of the lésion. 
This may include MRI (or CT) to define additional features, help- 
ing to differentiate between benign and malignant pathologies. 
Alternatively, an RN scan may be appropriate to assess whether the 
lésion is single or multiple. The need for additional imaging, and its 
appropriate sequence is best determined by discussion between the 
clinician and the radiologist. 

Ideally, the pathologist should also be involved: biopsy may be 
needed to make a definitive histologie diagnosis, and familiarity 
with the history and radiographie findings is helpful in pathologie 
diagnosis. A strong case has been made for regular multidisci- 
plinary meetings between clinicians, radiologists, and pathologists 
to enhance the cooperative diagnosis and management of patients 
with bone tumors, and to extend the éducation and expérience of 
those involved in their care. It is regrettable that this does not always 
happen. 

Présentation with Acute Pain 

Acute pain is most likely to be caused by a fracture, which may be 
pathologie and occur through an existing bone lésion (see Fig. 3-28). 
The symptomatic site should be radiographed with at least two views 
at right angles, and with supplementary specialized projections as 
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FIGURE 3-33 A, Pathologie fracture through a well-defined, benign 
(narrow zone of transition between normal and abnormal bone) 
lucent lésion with punctate matrix calcification characteristic of an 
enchondroma. B, Benign osteochondroma arising from the left latéral 
margin of the fifth lumbar vertebra.The margin of the mass is well defined, 
the matrix calcification is organized with evidence of trabeculae, and there 
is no evidence of bone destruction. C, For comparison, chondrosarcoma in 
the same anatomical site in a different patient. There is bone destruction 
(left transverse process of L4) and a large soft tissue mass with ill-defined 
clumps of matrix calcification, which are features indicative of a malignant 
cartilage tumor. 


appropriate. The radiographie appearances may be diagnostic of a 
benign lésion, (e.g., simple bone cyst or enchondroma). 

If the fracture has occurred through an aggressive lésion, further 
imaging may be relevant and biopsy is likely to be required, particu- 
larly if the lésion is solitary. The presence of a fracture may confuse 
both the imaging and histopathologie interprétation. The patholo- 
gist should always be informed of the presence of a fracture through 
a bone lésion and the site from which the biopsy was taken. 

Présentation with Chronic Pain 

Radiography of the symptomatic site forms the baseline imaging 
investigation. In the context of genuine symptoms and abnormal 
physical signs, such as tenderness or swelling, without demonstrable 
radiographie abnormality, further imaging is appropriate. 


In this situation, RN scans hâve been used as a screening method 
to identify any area of increased bone activity. If an RN scan is nor¬ 
mal, a significant bone lésion is highly unlikely and the patient may 
be reassured. 

CT is particularly useful in showing fine bone detail. For 
this reason, CT is superior to MRI in the diagnosis of osteoid 
osteoma (Fig. 3-37). Neither radiographs nor RN scanning per¬ 
mit accurate localization of the nidus of an osteoid osteoma 
in the context of extensive reactive sclerosis. In the absence of 
radiographie abnormality, RN scanning or MRI can be used to 
define the site and size of bone abnormality. Thin section CT is 
then used to provide précisé detail of the nidus and can now be 
used to direct percutaneous radio ablation as an alternative to 
open surgery. 
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FIGURE 3-34 In fibrous dysplasia, the bone lésions may hâve a hazy 
‘ground-glass' appearance because they are composed of abundant osseous 
trabeculae intermingled with fibrous tissue.The bone may appear sclerotic 
and increased in size with loss of the corticomedullary différentiation, 
as illustrated in the radiograph of the hand of a child in which several 
metacarpals are affected. 

If the radiograph shows the characteristic features of a benign 
bone lésion, appropriate treatment can be planned. Cross-sectional 
imaging (using CT or MRI) may provide additional valuable infor¬ 
mation to the surgeon. This information might include the exact site 
and extent of the lésion in three dimensions and the relationships of 
the lésion to adjacent articular surfaces and other anatomie struc¬ 
tures, such as neurovascular bundles, ail of which will influence the 



FIGURE 3-36 It is important not to confuse a normal developmental 
‘lésion' with a pathologie lésion. Shown here is an incomplète closure of the 
synchondrosis of the left inferior pubic ramus. 

feasibility, approach, and extent of surgery. Histologie confirmation 
of the diagnosis may be obtained before or during surgery. 

Suspected Bone Métastasés 

If the radiographie features suggest a malignant lésion, a distinc¬ 
tion must be made between a primary bone tumor and métas¬ 
tasés. RN scanning can confirm the presence of métastasés by 
the presence of multiple ‘hot spots’ in a characteristic distribu¬ 
tion throughout the skeleton, in which case no further imaging 
is required, particularly if the patient is known to hâve a primary 
malignant tumor. 

If there is a solitary bone lésion that is suspicious, but not diagnos¬ 
tic, of a metastasis, biopsy is performed for histologie confirmation 



FIGURE 3-35 A, In familial diaphyseal aclasis, there are multiple osteochondromas arising from the tibia and fibula. B, Pelvic radiograph in the same patient 
shows a large soft tissue mass arising from the left superior pubic ramus with clumps of matrix calcification, indicative of a chondrosarcoma. 
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FIGURE 3-37 A to C, A 17-year-old boy presented with a history of 18-months' pain in his right leg. A, Radiograph showed diffuse sclerosis and periosteal 
reaction in the médial aspect of the tibial shaft. B, Radionuclide scan shows extensive increased uptake in the proximal tibia. C, Computed tomography (CT) 
scans (thin sections, 1 to 2 mm) identified the characteristic features of an osteoid osteoma (low-attenuation nidus with central mineralization within the 
sclerotic bone), and extensive adjacent endosteal and periosteal sclerosis. D and E, An 18-year-old patient presented with backache. Radiographs showed no 
abnormality. A radionuclide scan (D) shows localized increased uptake in the thoracic spine, and (E) CT confirms the characteristic appearance of an osteoid 
osteoma in the vertébral lamina on the right. 
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FIGURE 3-38 Computed tomography (CT)-guided biopsy (see needle) of a 
large lytic sarcoma involving the left sacrum and ilium. The patient is placed 
in a prone position on the CT scanner. 


and to détermine subséquent clinical management. Biopsy may be 
performed using either image guidance, usually with CT (Fig. 3-38) 
or fluoroscopy, or an open surgical technique. 

PRIMARY MALIGNANT BONETUMORS 

The principal rôle of imaging, once features of a primary malig- 
nant bone tumor hâve been confirmed, is in tumor staging, both 
local and distant. Certain imaging features may suggest the tissue 
of origin, such as the matrix ossification of osteosarcoma or the ill- 
defined calcification within a soft tissue mass of chondrosarcoma, 
but biopsy will be necessary to confirm the histologie diagnosis. 

Initial Staging 

Imaging plays an important rôle in the initial staging of bone tumors. 
It is useful in determining the potential resectability of the tumor by 
defining its extent and showing any involvement of vital anatomie 
structures (such as neurovascular structures and major organs) that 
would exclude radical, but potentially curative, surgery. 

In order to plan the appropriate surgical excision and endopros- 
thesis, the surgeon managing such tumors requires accurate infor¬ 
mation of the intramedullary tumor component, the presence of 
any satellite lésions, and the extent of soft tissue tumor invasion 
in relation to the neurovascular structures and surrounding joints. 
MRI best provides this information. CT may be substituted if MRI 
is unavailable, but the définition of the tumor or soft tissue inter¬ 
face and marrow involvement demonstrated by CT is inferior to 
that of MRI. 

Malignant bone tumors most commonly metastasize to the 
lungs. High-quality posteroanterior and latéral projections of the 
chest must be performed as part of the initial staging procedure. No 
other thoracic imaging is required if multiple pulmonary métas¬ 
tasés are clearly identified on the chest radiograph. However, the 
chest radiograph is not sensitive to the identification of small lung 
nodules, particularly those sited in the paravertebral and retrocar- 
diac régions, or in the posterior costophrenic recesses. Therefore, 
a normal chest radiograph does not exclude the presence of lung 
métastasés. Thoracic CT, the most sensitive method of detecting 
pulmonary métastasés, should be performed if the chest radio¬ 
graph is normal, or if a single pulmonary nodule of uncertain etiol- 
ogy is présent (Fig. 3-39). MRI is not helpful in the identification of 
pulmonary métastasés. 



FIGURE 3-39 A normal chest radiograph does not exclude lung métastasés, 
and computed tomography (CT) is a sensitive method of detecting such 
métastasés. CT of the thorax showing two small soft tissue nodules that are 
métastasés ( arrows ) from Ewing's sarcoma. The chest radiograph was normal 
in this patient. 

RN scanning is also carried out as part of osteosarcoma staging. 
Increased activity is présent at the site of the primary tumor, with 
synchronous and metachronous tumors and bone métastasés also 
évident as areas of increased skeletal uptake of RN. Such increased 
uptake may also be évident in ostéogénie métastasés in the lymph 
nodes and lungs. 

Assessment of Treatment Response 

Adjuvant chemotherapy is used in the treatment of some malig¬ 
nant bone tumors, such as osteosarcoma, before surgical resection. 
Imaging, including MRI of the tumor and radiography or CT of 
the chest, is performed at initial staging and on completion of the 
course of chemotherapy. Assessment of the response to treatment 
is made in terms of réduction in size of the primary lésion and any 
régression of métastasés. A réduction of 50% or more of the pri¬ 
mary tumor volume and the development of heavy tumor matrix 
calcification after chemotherapy generally indicate a more favor¬ 
able prognosis and may make the tumor easier to resect. 

Follow-Up 

Imaging is used in the surveillance that follows resection. Postoperative 
imaging is usually deferred for at least 3 months after surgery, because 
postoperative changes may be misinterpreted as tumor récurrence. 
Even after this time, it can be difficult to distinguish between tumor 
récurrence and postoperative changes. The métal endoprostheses 
that are inserted at limb salvage surgery cause considérable artifact 
both on MRI and CT, but useful information can nonetheless still be 
obtained with these imaging methods (Fig. 3-40). 

Image-Guided Biopsy and Therapy 

Most bone neoplasms require biopsy for histologie confirmation of 
the diagnosis. Biopsy can be performed at surgery ( open ) or percu- 
taneously ( closed’), either with image-guidance or without (‘blind’). 
Imaging can be used to identify the optimum site from which to 
obtain a tissue sample by avoiding predominantly necrotic or cystic 
components of lésions. Imaging techniques, most often fluoroscopy 
and CT, but also US and more recently open MRI Systems, can be 
used to guide closed biopsy procedures, ensuring accurate needle 
placement. 

Biopsy should only be performed following consultation with 
the specialized tumor surgeon, and with the pathologist. Success 
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FIGURE 3-40 Follow-up imaging. Magnetic résonance imaging scan of a 
patient treated previously with an endoprosthesis for osteosarcoma of the 
proximal fémur. Transverse axial T 2 -weighted image—the récurrent tumor 
mass has a high signal. 

dépends not only on obtaining an adéquate tissue sample, but also 
on the histopathologie interprétation of a relatively small volume of 
tissue obtained at biopsy. 

Angiography is no longer used routinely in the diagnosis and staging 
of bone tumors, but embolization can be used to reduce the vascular- 
ity of a tumor before surgery, or to treat arterial tumor hemorrhage. 

Differential Diagnosis 

Other pathologies may resemble bone tumors, both clinically and 
radiologically. Infection, in particular, may hâve radiologically agg- 
ressive appearances, with bone destruction or sclerosis, periosteal 
reaction, and a soft tissue component (Fig. 3-41). Clinical features, 


such as pyrexia, raised inflammatory markers, and leukocytosis, 
may favor the diagnosis of osteomyelitis, but biopsy may be needed 
to confirm the correct diagnosis. It is good practice to include a 
microbiology sample whenever a bone biopsy of a suspected tumor 
is performed, to exclude an unexpected diagnosis of infection and 
avoid unnecessary repeat procedures, should the histopathology 
prove to be négative. Some metabolic bone disorders (e.g., hyper- 
parathyroidism) are associated with bone cysts or subperiosteal 
érosions, which can be mistaken for primary bone tumors. 


Imaging Strategies in Soft Tissue Tumors 


Soft tissue tumors commonly présent with a mass. In benign tumors, 
the mass is usually painless and may hâve been présent for months 
or even years with little change in size. Benign soft tissue masses are 
50- to 100-fold more common than sarcomas. Soft tissue lésions 
caused by trauma (myositis ossificans) (Fig. 3-42) and infection must 
be differentiated from tumors. 

The rôle of imaging in soft tissue masses is to 

• Confirm the presence of a mass 

• Define the tissue composition and nature of a mass—relevant 
to management, either conservative or surgical 

• Identify the anatomie location and extent of the mass—relevant 
to biopsy site and resectability 

• Differentiate between benign and malignant étiologies. 

In soft tissue sarcoma, imaging also contributes to 

• Local staging 

• Identification of métastasés 

• Assessment of tumor and metastatic response to treatment 

• Identification of tumor récurrence. 



FIGURE 3-41 Infection. Osteomyelitis may hâve features resembling those of bone tumors, and biopsy may be required for definitive diagnosis. A, Acute 
osteomyelitis of the distal tibia—there is bone destruction in the metaphyseal région, and a periosteal reaction seen as faint calcification in the soft tissue 
adjacent to the bone cortex was apparent on the film. B, Chronic osteomyelitis of the proximal tibia—there is extensive lysis and sclerosis (sequestrum) 
extending along the tibial shaft, with Consolidated periosteal reaction (involucrum), giving a 'bone-within-a-bone' appearance. 
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FIGURE 3-42 Latéral radiograph of the forearm of a girl who suffered from 
epilepsy and had a convulsion. Over the next 2 to 4 weeks, a hard mass developed 
in her arm.There is circumferential calcification in the periphery of a soft tissue 
mass, lying anterior to the radius and ulna; this is characteristic of traumatic 
myositis ossificans. It is important to differentiate this lésion from a neoplasm; in a 
neoplasm, calcification usually lies centrally within the soft tissue mass. 


Radiographs are usually not helpful in the imaging of soft tissue 
tumors and may be entirely normal, unless the mass is large, contains 
fat or calcification, or causes abnormality of adjacent bone. US is a 
good screening method in the initial assessment of soft tissue masses, 
particularly those that are small and relatively superficial, providing 
a simple method of confirming whether a soft tissue abnormality is 
présent. US can indicate whether a mass is cystic, solid, or vascular. 
US allows assessment of the mass during muscle contraction, and 
changes in position can be used to define the relationships of a mass 
to surrounding structures. Confident characterization is possible for 
certain masses (e.g., neuromas and ganglia). CT can be used to iden- 
tify soft tissue tumors and define their composition, but the limited 
contrast resolution of the technique means that interfaces between 
tumor and normal soft tissue structures can be difficult to delineate. 

MRI is the modality of choice for characterizing soft tissue tumors: 
The high-contrast sensitivity makes even small lésions conspicuous 
(Fig. 3-43). Some benign soft tissue tumors hâve characteristic appear- 
ances on MRI and do not require biopsy or treatment (e.g., lipomas, 
hemangiomas, cysts, and ganglia) (Fig. 3-44); most hâve a homogenous 
signal intensity and show little enhancement with gadolinium-labeled 
DTPA. The signal intensities on T : and T 2 -weighted MRI sequences 
give an indication of tissue composition. Myxomas, cysts, and ganglia 
show low or intermediate signal on T^weighted images and higher 
signal on T 2 -weighted sequences, whereas lipomas and subacute 
hematomas are high signal on both T x - and T 2 -weighted sequences. 

Malignant soft tissue tumors are often large, with irregular, indis¬ 
tinct margins and heterogeneous signal intensity (Fig. 3-45). They 
usually show prominent patchy enhancement with gadolinium- 
labeled DTPA, sometimes with cystic or necrotic nonenhancing 
central components. 



FIGURE 3-43 Magnetic résonance imaging scan. A, Transverse T^weighted image showing a well-defined soft tissue mass (arrow), which is low to intermediate 
signal. B, Post gadolinium-labeled diethylene triamine pentaacetic acid showing enhancement following contrast medium. C, Sagittal short tau inversion recovery 
sequence (fat suppression) shows the tumor to be high in signal, with characteristic 'tails' at the proximal and distal ends of the tumor indicative of a neurofibroma. 






FIGURE 3-44 A, Lipoma of the thigh. Magnetic résonance imaging scan: coronalT^weighted image. B, Transverse T 2 -weighted image. The tumor is of uniform 
signal intensity, similar to that of the normal subcutaneous fat, and showed no enhancement with contrast medium (gadolinium-labeled diethylene triamine 
pentaacetic acid) (not shown).These are the features of a lipoma. 



FIGURE 3-45 Liposarcoma of the left thigh. Magnetic résonance imaging scan: coronalT^weighted image (A) and transverse T 2 -weighted image (B) confirm a 
large soft tissue mass with signal characteristics similar to those of subcutaneous fat. However, there are areas of low signal intensity areas within the tumor, 
suggesting soft tissue components other than fat. C, An inversion recovery sequence in which the fat signal is suppressed shows that a considérable proportion 
of the tumor tissue components do not suppress, confirming that they are not simply fat.These features indicate a liposarcoma. 
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Most soft tissue tumors are isointense to muscle on T^-weighted 
MRI sequences. Tumors that contain areas of fat, melanin, pro- 
teinaceous material, or subacute hemorrhage give a high signal on 
T^weighted images. Calcified or predominantly fibrous tumors 
give a low in signal on ail MRI sequences. 

Most sarcomas show a high signal on T 2 -weighted images because 
of their increased free water content, as a resuit of high vascular 
permeability and edema. However, many soft tissue masses hâve 
indeterminate features on MRI scans. Ail such lésions should be pre- 
sumed malignant until proven otherwise by pathologie évaluation. 

Closed biopsies, with small tumor samples, can give misleading 
results due to sampling error: soft tissue tumors often show régional 
variation in grade. As with bone tumors, inappropriately sited biop¬ 
sies and inadéquate marginal resection margins can compromise 
subséquent effective limb salvage surgery and adversely affect prog- 
nosis. Therefore, biopsy, whether open or closed, must be performed 
only by the experienced surgeon who will perform the definitive sur¬ 
gery, and collaboration between clinician, radiologist, and patholo- 
gist is essential. 

The staging, prognosis, and management of a tumor are dépen¬ 
dent on its size and location, and the presence of lymph node or 
distant métastasés. MRI is the modality of choice for the définition 
of local tumor extent. Potential resectability dépends on the tumor s 
location, its relationship to adjacent structures, and whether or not 
the tumor is limited to a single anatomie compartment. Régional 
lymph node métastasés causing lymphadenopathy may be évident 
on MRI. The relevant sites of régional lymph node drainage should 
be included on imaging and scrutinized accordingly, but nodal size 
is a poor predictor of metastatic involvement. 

MRI is also used in the identification of tumor récurrence. 
Follow-up MRI should be deferred for at least 3 months after sur¬ 
gery to allow postoperative changes to résolve. However, différen¬ 
tiation between tumor récurrence and postoperative fibrosis may be 
difficult. Paramagnetic contrast agents may help in différentiation, 
but serial examinations, to assess for change in size, and biopsy may 
be needed in difficult cases. 

A great number of MRI sequences hâve been developed to poten- 
tiate tissue contrast and enhance the conspicuity of pathologie 
lésions. The high contrast sensitivity of MRI makes it the modality 
of choice for defining the soft tissue margins of tumors and marrow 
changes within bones. Therefore, MRI is an important method of 
imaging to define the extent of tumors. 


Joint Disorders 


Abnormalities of joints can occur as a conséquence of degenera- 
tive, traumatic, or inflammatory arthritis, or be associated with 
metabolic disorders (e.g., goût or chondrocalcinosis) (Figs. 3-46 
and 3-47). In rheumatoid arthritis (RA), an erosive arthropathy 
with narrowing of the joint space caused by destruction of artic- 
ular cartilage, is an early feature. Because the affected joints are 
inflamed and hyperemic, there is soft tissue swelling, particularly 
at the proximal interphalangeal joints, and periarticular osteope- 
nia. Synovial hypertrophy causes juxta-articular bone destruction 
(érosions) (Fig. 3-48), most commonly at the metacarpophalangeal 
and proximal interphalangeal joints. MRI is a more sensitive imag¬ 
ing method than radiography to identify synovial pannus and éro¬ 
sions. Ligamentous damage and laxity cause joint subluxation or 
even dislocation. In RA, there is little reactive new bone formation, 



FIGURE 3-46 Joint disorders. Goût—particularly involves joints of the great 
toes. There are well-defined, corticated (‘punched out') areas présent in the 
distal phalanx of the left great toe. Occasionally, bone destruction may occur 
due to tophaceous deposits, as is évident in the proximal phalanx of the right 
first toe. 



FIGURE 3-47 Crystal déposition disease—chondrocalcinosis (‘pseudogout'). 
There is calcification in the articular cartilage and menisci of the knee. 


unlike in degenerative joint disease, in which osteophytes and sub- 
chondral sclerosis are common features. However, in juvénile RA, 
bony ankylosis of some affected joints can occur. 

Séronégative arthropathies (Reiters syndrome and psoriasis) 
hâve radiographie features that can closely resemble those of RA but 
tend not to cause peri-articular osteopenia. These diseases hâve fea¬ 
tures that distinguish them from RA; there is usually bilateral (but 
often asymmetric) sacroiliitis, and there may be associated paraspi- 
nal ossification. Reiters disease (uveitis, urethritis, arthritis) more 
commonly involves the lower limbs and is often associated with 
periosteal reaction (periostitis), and psoriatic arthritis frequently 
involves the distal interphalangeal joints. 
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FIGURE 3-48 Erosive rheumatoid arthritis with periarticular osteopenia, 
narrowing of joint spaces due to destruction of articular cartilage, and 
juxta-articular érosions, particularly in the carpus, but also in 
metacarpophalangeal and proximal interphalangeal joints. 


Destruction of articular cartilage, and conséquent narrowing of 
the joint space, is a late feature in degenerative joint disease (osteoar- 
thritis). There is reactive new bone formation causing osteosclerosis 
and osteophytes (Fig. 3-49). Juxta-articular cysts also occur, and gen- 
erally hâve a corticated margin, which is not a radiographie feature of 
the érosions of RA. 

Septic arthropathy is characterized by pain and limited joint 
movement. An effusion is generally présent; US is a useful tech¬ 
nique to confirm this feature and can be used to guide joint aspi¬ 
ration, which is usually required to reach a definitive diagnosis. 
On imaging, there can be peri-articular osteopenia, loss of joint 
space, synovial thickening, and bone destruction. Rapid réduction 
in joint space over a short period (2 to 4 weeks) on serial radio- 
graphs should always suggest infection as the cause. Similarly, rapid 
réduction in dise space in the spine suggests an infective etiology. 
Timely diagnosis and correct therapy are essential in septic arthri¬ 
tis to avoid extensive bone and joint destruction with the clinical 
conséquences that resuit (pain, deformity, ankylosis, and secondary 
osteoarthritis). MRI is a sensitive imaging technique for the diag¬ 
nosis of inflammatory arthritis and the associated soft tissue and 
bone changes. 

When deep pain sensation is disturbed or absent (e.g., in pain 
asymbolia, neurosyphilis, diabètes), very florid joint destruction can 
occur (Charcot s joints) (Fig. 3-50) with complété dérangement of 
the joint, which may be subluxed or dislocated; extensive sclerosis, 


FIGURE 3-49 Degenerative arthritis. Anteroposterior weight-bearing 
radiograph of the knee to identify narrowing of the joint space, which may 
not be évident on supine films. There are also latéral marginal osteophytes. 



FIGURE 3-50 Neuropathie—Charcot's joint. There is complété dérangement 
of the knee, which is subluxed, with juxta-articular bone destruction, 
sclerosis, and bone débris in the soft tissues. 

hyperostosis, bone destruction, and bone fragmentation are gener¬ 
ally évident. In the feet of patients with diabetic neuropathy these 
features may be indistinguishable from osteomyelitis and may 
coexist. 






SECTION 


Response to Injury 



The Effects of Injury 
and the Inflammatory 

Response 


José Trueta y Raspall (1897-1977). 

Trueta was born and educated in Barce- 
lona, and remained throughout his life a 
Catalonian patriot. In 1939, he fled from 
Franco’s Spain and brought his family to 
England, where his wide expérience with 
war surgery was welcomed. His great 
interest was the vascular contribution to 
growth and development; in this field, as 
well as in that of the rénal circulation, he 
made lasting contributions. For 17 years 
he held the Nuffield Chair in Ortho- 
paedics at the University of Oxford. His 
energy and enthusiasm was infectious 
and nobody who had the privilège to be 
his student could ever forget him, for he 
was truly a great man. (From the authors 
collection.) 


Ilya Ilyich Mechnikov (May 16,1845- 
July 16,1916). Mechnikov believed that 
certain white blood cells could engulf 
and destroy harmful bodies such as 
bacteria. Pasteur scorned the Russian 
and his theory. Later vindicated, Mech- 
nikov’s work on phagocytes won him the 
Nobel Prize in 1908. 


Effects of Injury, 82 

The Inflammatory Response, 88 

Degeneration, 82 

The Initial Phase, 88 

Cellular and Tissue Changes, 82 

The Secondary Phase (Repair), 90 

Histologie Observations, 82 

Summary, 108 



















82 SECTION II RESPONSETO INJURY 


The publication in 1858 of Virchow s monumental sériés of lectures 
entitled Die Cellular pathologie in ihrer Begründung auf physiol- 
ogische und pathologische Gewebelehre (The Cellular Basis of 
Disease and Its Foundations in Physiology and Tissue Pathology), 
brought a completely new understanding of the fundamental nature 
of disease, which is still the basic principle underlying medical 
research. For the first time, it was understood that the cell was the 
basic unit of the living organism, and that alterations in cell func- 
tion were responsible for disease States. The study of disease was 
no longer limited to gross anatomie description. The new pathol¬ 
ogy depended on the corrélation of clinical findings and molecular 
cell biology. 

The basic questions in medicine are: what happens to a cell, and 
to the tissue of which the cell is a unit after injury, how much injury 
can the cell sustain, and how does the body deal with the injured 
cells and effect repair? 


Effects of Injury 


DEGENERATION 

Degeneration may be defined as ‘A morbid change consisting in a 
disintegration of tissue or in a substitution of a lower for a higher 
form of structure.' Although degeneration resulting from injury is a 
major topic of this chapter, it is important to bear in mind that injury 
is not the only cause of degeneration; degeneration is also the end 
resuit of disuse or of getting older . 

Degenerative change is a commonly used term in pathology reports. 
This is more emotive than substantive. The clinician would be better 
informed if the report detailed the etiology of and the response to the 
injury. For example, instead of ‘fragment of degenerated interverté¬ 
bral dise,' a more descriptive diagnosis might be ‘fragment of lacerated 
anulus fibrosus with granulation tissue and early scarring.' 

Injury may be physical (mechanical trauma, extremes in tempér¬ 
ature, or ionizing radiation), Chemical (e.g., the quinolone antibiotics 
hâve been associated with rupture of the Achilles and other ten¬ 
dons), or biologie, either intrinsic (metabolic, immunologie, genetic) 
or extrinsic (bacteria, viruses, fungi, or other organisms). Regardless 
of the etiology, two effects can be expected: a local effect at the site 
of injury and a general effect on the body as a whole (e.g., shock fol- 
lowing severe hemorrhage in association with an open fracture.) 

CELLULAR AND TISSUE CHANGES 

The cell has a complex structure in which the basic processes of 
energy conversion, protein synthesis, and other vital activities are 
constantly taking place (Fig. 4-1). Each cell exists in an ever-changing 
environment, and its ability to adapt to new conditions détermines 
its continued functional activity. Injury to the cell occurs when con¬ 
ditions in the local environment are such that the cell is unable to 
maintain its physiologie equilibrium. 

The results of injury include altered synthesis (anabolism) or 
altered breakdown (catabolism), or both. The nature of the injurious 
agent and the duration of its application détermine which process 
prédominâtes. If only transient alterations occur in the intracellu- 
lar or extracellular regulatory mechanisms, the cell may revert to 
its normal basal State when the adverse conditions cease. A more 
severe yet sublethal injury may resuit in adaptive changes, recogniz- 
able microscopically as hypertrophy, atrophy, or hyperplasia. When 
the insult is léthal, the necrosis (death) of the cell can be recognized 
microscopically by loss of staining, disintegration of the nucléus, 
and breakdown of the cell membranes. 



Golgi apparatus 
(formation of 
secretory vesicles) 


Rough endoplasmic 
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(energy conversion) 
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Nucléus 
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Pinocytolic vesicles 
(fluid transport) 


FIGURE 4-1 Diagram of a cell showing the basic cytoplasmic organelles 
and their function. 


Because of the variability in injurious agents and the widely dif- 
fering susceptibility of various tissues, it is difficult to generalize 
about the morphologie effects. Flowever, mechanical injury usu- 
ally causes cell disruption; freezing depresses cell metabolism and 
ultimately leads to the formation of destructive intracytoplasmic 
ice crystals; heat increases rates of metabolism, enzyme inactiva¬ 
tion, protein coagulation, and even tissue charring. The effects of 
ionizing radiation are focused mostly on the nucléus, where it may 
cause chromosome breakage and gene mutation, leading to neopla- 
sia. Chemicals act both locally and systemically by interfering with 
metabolic processes in the cell, especially by inactivation of enzymes 
and dénaturation of intracellular protein. Finally, many microorgan- 
ism manufacture toxins that disturb cell metabolism. 

Other considérations also influence the effects of injury: the inten- 
sity and duration of application and the site of injury (for example, 
anoxia rapidly produces irréversible damage to brain cells and car- 
diac muscle, whereas connective tissue can usually withstand anoxia 
for considérable periods of time). Last, the effects of injury are influ- 
enced by the individuals general health, including nutritional State, 
presence or absence of drugs in the body, and so on. 

HISTOLOGIC OBSERVATIONS 

A fundamental characteristic of living cells is their ability to sense and 
to adapt to changes in the environment. This ability to adjust enables 
cells to survive under conditions that might otherwise prove léthal. 
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FIGURE 4-2 Cell changes due to hypoxia are well demonstrated in these photomicrographs of the centrilobular part of the liver. A, In the upper left, normal 
liver tissue can be seen, while in the middle and lower right, some vacuolization is apparent within the cytoplasm and there is swelling of the cell outline. B, In 
tissue adjacent to the central veins, congestion of the liver sinuses is readily apparent, with marked vacuolization and some shrinkage and darkening of nuclei 
also in evidence.This appearance is characteristic and indicative of chronic anoxie conditions (H&E, x 25 obj.). 


Such adaptations, which include atrophy, hypertrophy, and hyperpla- 
sia, are commonly observed in many disease processes (Fig. 4-2). 

The most commonly observed microscopie change associated with 
altered cell homeostasis is a change in cell volume. This results from the 
cells loss of ability to regulate electrolyte and fluid metabolism, owing to 
altered function of the mitochondria and the cell membrane. Hypoxia, 
which affects lipoprotein as well as protein synthesis and sécrétion, may 
lead to accumulation of lipid droplets and of amorphous éosinophilie 
material in both the cell and the extracellular space (Fig. 4-3). 

Atrophy 

Atrophy refers to a decrease in the size and activity of a cell, which 
occurs as an adaptation to diminished use or as a resuit of a réduc¬ 
tion in blood supply, poor nutrition, or a decrease in normal hormonal 



FIGURE 4-3 Diagrammatic représentation of atrophy, hypertrophy, 
and hyperplasia. 


stimulation. Cell atrophy is usually accompanied by shrinkage of the 
affected organ. In parenchymal organs, atrophy may resuit solely from a 
decrease in cell size. However, in the later stages of disease the decrease 
in cell size may also be accompanied by actual loss of cells (Fig. 4-4). 

Atrophy in connective tissue is made clinically obvious by 
changes in the quantity and quality of the extracellular matrix. For 
example, loss of bone tissue (osteopenia) or loss of cartilage turgor 
(chondromalacia). 

Hypertrophy 

Hypertrophy refers to an increase in cell size caused by augmentation 
of the intracellular organelles, especially the endoplasmic réticulum; 



FIGURE 4-4 In this photomicrograph of abnormal skeletal muscle, some 
dropout of muscle fibers, together with small atrophied fibers and others 
with increased diameter, are présent (H&E, x 4 obj.). 
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FIGURE 4-5 Radiographs of the forearms of a compétition rodéo cowboy 
who specialized in bareback bronco and bull riding show a marked 
hypertrophy of the right ulna typical of such athlètes, as well as some 
extraosseous soft tissue calcification. (Courtesy of Dr. Guerdon Greenway, 
Dallas, TX.) 


as a resuit, protein synthesis is generally enhanced. Hypertrophy is fre- 
quently a compensatory reaction, as in the heart muscles of patients 
with increased cardiac workload who develop an increased number 
of myofibrils. In an athlete, not only is there hypertrophy of the skel- 
etal muscle but also a related increase in bone density (Fig. 4-5). 

Hyperplasia 

An example of hyperplasia, an increase in the number of cells, is 
that commonly seen in the synovium of patients with arthritis. The 
accelerated breakdown of the joint constituents (cartilage and bone) 
that occurs in ail forms of arthritis leads to enhanced phagocyto- 
sis by the synovium. This increased activity is associated with aug¬ 
mentation of the synovial lining cells, thus increasing not only the 
thickness of the synovial lining but also the absolute area of the syn¬ 
ovium, which is frequently thrown up into papillary projections that 
extend into the joint cavity (Fig. 4-6). 

Necrosis 

Tissue necrosis (death) is a passive process resulting in a break- 
down of ordered structure and function following irréversible trau- 
matic damage. Cell necrosis is usually recognized microscopically 
by changes in the nucléus. These changes include swelling of the 
nucléus, which is followed by condensation of the nuclear chroma- 
tin (pyknosis), and finally by dissolution of the nucléus (karyolysis) 
(Fig. 4-7). 

The gross and microscopie appearance of necrotic cells dépends 
on the organ involved and on the type and extent of injury. In tissue 
necrosis associated with sudden and complété cessation of the blood 
supply (an infarct), the affected tissue usually has a loss of translu- 
cency, that is, an opaque appearance on gross examination and a 
firm consistency, like a hard-boiled egg. Microscopie examination of 



FIGURE 4-6 Normally, the synovial lining is only one cell thick; however, 
in this photomicrograph of the synovial lining from a patient with chronic 
osteoarthritis, one can readily see a marked prolifération of synoviocytes, 
characteristic of a hyperplastic condition (H&E, x 4 obj.). 



FIGURE 4-7 High-power photomicrograph of necrotizing myocardium shows 
a number of dense, shrunken and fragmented (pyknotic) nuclei, characteristic 
of cell necrosis (H&E, x 40 obj.). 


infarcted tissue usually reveals maintenance of structural anatomy, 
with préservation of the ghost-like outlines of the cells (Fig. 4-8). 
On the other hand, in most bacterial injuries, the cells are totally 
broken down, resulting in soft formless tissue in which no structural 
éléments of the cell are recognizable (Fig. 4-9). 

In the connective tissue, because the nonviable extracellular 
matrix is often unchanged cell, necrosis may be easily overlooked. 
In a bone, the most obvious evidence of cellular necrosis is seen in 
the marrow, either as fat necrosis and dystrophie calcification or as 
ghosting of the hematopoietic tissue (Fig. 4-10). On the other hand, 
changes in the ostéocytes may be difficult to recognize (Fig. 4-11), 
and in general, it can be said that évaluation of the viability of the 
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FIGURE 4-9 Photomicrograph showing cell dégradation within a lung 
abscess. Note that at the periphery of the abscess [right) there is an 
infiltration of acute inflammatory cells as well as fibrin. However, toward 
the center of the abscess ( lowerleft ), there is complété loss of tissue 
architecture, with an accumulation of cell débris and acute inflammatory 
cells (H&E, x 4 obj.). 

ostéocytes is a poor way to diagnose bone necrosis. In cartilage, 
ghosting and sometimes calcification of the chondrocytes is a fre¬ 
quent finding in arthritis (Fig. 4-12). Inflammatory arthritis is often 
characterized by gross enlargement of the chondrocyte lacunae 
referred to as Weichselbaums lacunae, which contain either pyknotic 
nuclei or no obvious cellular éléments (Fig. 4-13). 

Apoptosis 

In addition to the passive cell death following traumatic injury, there 
is another and fundamentally different form of cell death that is 


FIGURE 4-10 Photomicrograph showing stages of necrosis in the fatty 
marrow. In the upper left, there is complété necrosis; on the right, ischemia 
has resulted in breakdown of the fat cells, with reactive chronic inflammation 
and foamy histiocytes (H&E, x 10 obj.). 


FIGURE 4-11 Necrotic cancellous bone. There is no hematoxylin staining 
of the fat cells in the marrow or of the ostéocytes in the bone, although the 
ghosts of the cells remain. Récognition may be difficult in such cases without 
areas of viable bone for comparison (H&E, x 10 obj., Nomarski optics). 


genetically determined. This process balances new cell formation 
(through the process of mitoses) with programmed cell death (or 
apoptosis). Apoptosis is actively involved in development and in the 
continuing lifelong replacement of tissues. Apoptosis also plays a 
rôle in some pathologie States including tissue injury in diseases of 
cellular immunity. 

Unlike tissue necrosis, which is generally associated with an obvi¬ 
ous inflammatory response, apoptosis is difficult to observe by ordi- 
nary microscopie technique, even in very active cellular épithélial 
linings. 

Apoptotic bodies can be recognized in paraffin-embedded sec¬ 
tions as small round or oval cytoplasmic masses, which are usually 
éosinophilie and may contain nuclear fragments. However, the small 
size of apoptotic bodies together with their short half-life renders 
them inconspicuous in histologie sections, even if the rate of cell 
délétion is high (Fig. 4-14). Immunohistologic techniques hâve been 
developed that assist in the récognition of apoptotic cells. However, 
these techniques might be unreliable and it is recommended that a 
molecular or fluorescence-based assay is used to characterize the 
extent of apoptosis occurring in a tissue (Fig. 4-15). 


Viable muscle 
Inflammatory exudate 
Necrotic muscle 

FIGURE 4-8 The right side of this photomicrograph of a myocardial infarct 
exhibits myocardial fibers with granular, éosinophilie cytoplasm devoid of 
nuclei. In addition, acute inflammatory infiltration between the muscle 
fibers and along the course of the myocardial capillaries can be seen. AU of 
these features are characteristic of necrotic tissue. By contrast, note the 
pale cytoplasm and intact nuclei in the normal, viable tissue on the left 
(H&E, x 4 obj.). 
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Early apoptosis with 
chromatin margination 


Late apoptosis with 
nuclear collapse 


Macrophage with 
apoptotic bodies 


Apoptotic 

- > 
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FIGURE 4-14 Diagrammatic représentation of apoptosis. 


FIGURE 4-12 Photomicrograph revealing necrosis of virtually ail 
chondrocytes in the articular cartilage. Isolated clones of chondrocytes are 
still staining with hematoxylin-eosin adjacent to the tidemark (H&E, x 4 obj.). 










FIGURE 4-15 Photomicrograph of fémoral epiphyseal growth plate of a 
young rat stained by the TdT-mediated biotinylated-dUTP nick end labeling 
(TUNEL) technique to demonstrate apoptotic cells in the hypertrophie 
zone. Note that no counter stain has been used (x 25 obj.). (Courtesy of 
Dr. Stephen Doty.) 


FIGURE 4-13 Photomicrograph illustrating the dissolution of the matrix 
that occurs around dying chondrocytes in cases of inflammatory arthritis 
(typically rheumatoid arthritis). Chondrocyte lacunae with this alteration in 
appearance are known as Weichselbaum's lacunae (H&E, x 10 obj.). 

Apoptosis has been associated with various orthopaedic pathol¬ 
ogies. In rheumatoid arthritis, the hyperplastic synovial lining 
increases both through enhanced prolifération and inflammatory 
cell migration, as well as decreased apoptosis. 


The chondrocytic production of nitric oxide (NO) and other 
inflammatory mediators, such as eicosanoids and cytokines, is 
increased in osteoarthritis. The excessive production of NO may 
inhibit matrix synthesis and promote the mechanism of cytokine- 
induced apoptosis of the chondrocytes. 

In the postnatal and adult skeleton, apoptosis is intégral to physi¬ 
ologie bone turnover, repair, and régénération. The balance of osteo- 
blast prolifération, différentiation, and apoptosis détermines the 
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size of the osteoblast population at any given time. The ostéocytes 
appear to use some molecular signaling pathways such as the gén¬ 
ération of NO and prostaglandins as well as directing cell-cell com¬ 
munication via gap junctions. They may also regulate the removal 
of damaged or redundant bone through mechanisms linked to their 
own apoptosis or via the sécrétion of specialized cellular attachment 
proteins such as osteopontin. 

Certain features of growth cartilage development and mineraliza- 
tion are shared with aging and osteoarthritic cartilage. These include 
chondrocyte prolifération, hypertrophy, and increased apoptosis. 
Parathyroid hormone-related protein, one of the central mediators 
of endochondral development, is also abundant in osteoarthritic 
cartilage and may play a rôle in osteophyte formation. 

Calcification 

Dead tissue that does not undergo rapid absorption frequently 
becomes calcified. This type of calcification, which is not related to 
a generalized disturbance in calcium homeostasis, is called dystro¬ 
phie calcification. It is common in areas of infarction, fat necrosis, 
and also the caseous necrosis of tuberculosis. Of particular inter¬ 
est to orthopaedic surgeons is the calcification commonly found in 
areas of injured tendons or ligaments (Fig. 4-16). 


The association of crystal déposition with senile osteoarthritis 
is well recognized, and there hâve been recent advances in under- 
standing the mechanisms whereby calcium crystals may contribute 
to cartilage damage related to the induction of proto-oncogenes, 
which, in turn, lead to crystal-induced modulation of normal gene 
expression in the chondrocytes. 

Injury to the Extracellular Matrix 

The extracellular matrix, which is composed of collagen, proteo- 
glycan (PG), various noncollagenous proteins, and inorganic con- 
stituents, is a nonviable material. Nevertheless, it shows the effects 
of both mechanical, Chemical, and enzymatic injury. Fibrillation of 
the cartilage is an example of mechanical injury with disruption 
of the collagen framework (Fig. 4-17) and the so-called hyaliniza- 
tion of collagen is caused by Chemical (usually enzymatic) break- 
down of the fibrillar structure, especially of the intermolecular and 
possibly the intramolecular cross-linkage of the collagen molécules 
(Fig. 4-18). 

Such injured matrices invariably hâve altered mechanical proper- 
ties. The fibrillated cartilage does not function as well as normal car¬ 
tilage, either in the transmission of load or in providing a low-friction 
articulating surface. The hyalinized collagen, with its weakened 



FIGURE 4-16 A, Photomicrograph shows extensive calcification in the capsule of the shoulder joint. Such dystrophie calcification is a common complication of tissue 
necrosis following injury (H&E, x 10 obj.). B, Focal calcifie deposits may resuit, as in this photomicrograph, in a histiocytic and giant cell reaction (H&E, x 10 obj.). 



FIGURE 4-17 Photograph of the articular surface of a patella, illustrating 
loss of integrity due to collagen disruption or fibrillation. Around the edge of 
the patella, there is a striking synovial hyperplasia.The brownish discoloration 
of the synovium and cartilage is secondary to old hemorrhage. 



FIGURE 4-18 Photomicrograph of fibrous tissue to show loss of most of the 
nuclei and smudging, or hyalinization, of the collagen matrix (H&E, x 50 obj.). 
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cross-links, has lost much of its tensile strength. On the other hand 
unless structural changes of the bone matrix hâve occurred, a piece 
of ‘dead bone' (i.e., one in which both marrow cells and bone cells are 
dead), is perhaps as strong as a similar piece of viable bone tissue. 


The Inflammatory Response 


THE INITIAL PHASE 

The inflammatory reaction comprises the collective responses of 
the body to both local and systemic injury regardless of the injurious 
agent (i.e., it is not confined to infection). These responses include 
removal or séquestration of the necrotic tissue and the injurious 
agents, defense against further injury, and replacement of injured 
cells with possible restoration of tissue architecture by reparative tis¬ 
sue. Thus, the inflammatory reaction is not confined to the acute, 
local cellular response, which is a popular misconception; it involves 
the entire body s defense mechanism, and it is not completed until a 
homeostatic State has been restored. 

The sequence of events after a limited local injury begins with 
vascular dilatation and increased blood flow. The blood vessel wall 
becomes more permeable. White blood cells attach themselves to 
the vascular endothélium and pass through the wall of the vessel 
into the extravascular space. These observations, first made in the 
nineteenth century by Julius Cohnheim, explain Celsus’ four cardi¬ 
nal signs of inflammation: 

1. Redness, caused by vasodilatation. 

2. Heat, the resuit of increased blood flow. 

3. Swelling, caused by exudation of fluids and cells into the 
extravascular spaces. 

4. Pain, the resuit of irritation of the local nerve endings. 

Swelling, caused by the accumulation of protein-rich fluid (or 
exudate) in the injured tissue, is always présent to a greater or lesser 
degree during the acute stage of inflammation and occurs because 
the vessels of the inflamed tissue are directly injured or because they 
become more permeable. 

Increased permeability of the vessels is brought about by sub¬ 
stances released from or produced by the damaged tissue. These 
substances, which are referred to as inflammatory mediators, hâve 
two sources: the cells and plasma. 

In cells, the mediators are either preformed or are newly syn- 
thesized in response to the injurious agent. Preformed mediators 
include histamine, serotonin (mast cells and basophils), and lyso- 
somal enzymes (leukocytes and monocytes). Newly synthesized 
mediators are produced principally by leukocytes, monocytes, and 
endothélial cells and include NO, platelet-activating factor, leukot- 
rienes, prostaglandins, and cytokines. In the plasma, the two pri- 
mary mediators are the various components of complément and 
factor XII (Hageman factor). 

The complex interactions of these various substances, which 
affect most aspects of normal physiology as well as pathophysiol- 
ogy, are beyond the scope of this book and are the subject of many 
monographs. 

The accumulation and activation of leukocytes are central events 
in virtually ail forms of inflammation and deficiencies in these pro¬ 
cesses generally lead to a compromised host reaction. The migration 
(diapedesis) of leukocytes through the wall of the capillary and venule 
is an active rather than a passive phenomenon. Even after fluid exuda¬ 
tion has passed its peak, leukocyte migration continues, presumably 
as a resuit of a persistent chemotactic effect of the injurious agent and 
the injured tissue (Fig. 4-19). 



FIGURE 4-19 Schematic diagram illustrâtes the migration of leukocytes 
across the vascular endothélium into the adjacent tissue. Once in the tissue, 
the leukocytes may encounter and engulf any existing microbes by means of 
phagocytosis. 

Although Cohnheim described the migration of white blood cells 
through the vessel walls, it was Ilya Mechnikov who, a few years 
later, determined the function of these cells. He observed that they 
were capable of engulfing foreign matter, including bacteria, and he 
called this process phagocytosis. Because both large and small cells 
are involved in phagocytic activity, he called the large cells mac¬ 
rophages and the small cells microphages (now referred to as poly- 
morphonuclear leukocytes [PMNs] or neutrophils) (Fig. 4-20). 

The type of cell seen microscopically in the cell infiltrate dépends 
first on the nature of the injury (e.g., bacterial injury results in a 
marked neutrophilie infiltrate, whereas a mechanical injury does 
not) and, second, on the elapsed time since injury. Within the first 
few hours, and up to a day or so, the prédominant cells in the tissue 
exudate are PMNs. However, after a period of 24 to 48 hours, more 
of the cells in the exudate are seen to be mononuclear—lympho¬ 
cytes and macrophages. This biphasic response may be the resuit of 
a sequential action by spécifie Chemical mediators. 

Polymorphonuclear and mononuclear phagocytes migrate into 
the damaged tissues, where they engulf and digest bacteria and 
necrotic cells (Fig. 4-21). Phagocytes are equipped for this task by 
their possession of large numbers of cytoplasmic granules, including 
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Light microscope 



FIGURE 4-20 Photomicrographs of polymorphonuclear (PMN) leukocytes (A) and histiocytes (B) (H&E, x 100 obj.). (C) Diagrammatic représentations of the 
light microscopie and électron microscopie characteristics of a PMN leukocyte ( left ) and a histiocyte {right). 



FIGURE 4-21 A,This photomicrograph illustrâtes the events during an acute inflammatory reaction brought on by tissue necrosis (in this case, specifically, by 
myocardial infarction). A small capillary is congested with blood and with many more PM Ns than would normally be expected.These PM Ns hâve infiltrated 
the vessel wall by diapedesis and are now seen in the perivascular tissue (H&E, x 32 obj.). B, Photomicrograph of an active inflammatory infiltrate surrounding 
fragmented hyalinized (denatured) collagen (H&E, x 10 obj.). 
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large dense granules (lysosomes), which contain various enzymes 
such as acid phosphatase, an antibacterial substance called lysozyme, 
and peroxidase. 

The acute inflammatory reaction may either subside, as is usually 
the case, or in the presence of continuing cell injury, it may persist 
and become chronic, which is characteristic of autoimmune diseases 
(e.g., rheumatoid arthritis and systemic lupus erythematosus) and 
the introduction of foreign bodies, nowadays especially prosthetic 
replacements. On microscopie examination, chronic inflamma¬ 
tion is distinguished from acute inflammation by a marked increase 
in the number of mononuclear cells in the inflamed area. These 
mononuclear cells include macrophages, lymphocytes, and plasma 
cells (Figs. 4-22 and 4-23). A chronic inflammatory response is also 
characteristic of certain bacterial infections, including tuberculosis 
and syphilis, as well as with fungal infection. Most forms of acute 
and chronic inflammation dépend on the recruitment of humoral 
and cellular components of the immune System. 

Immunologically mediated élimination of foreign material requ- 
ires a number of steps. First, the material to be eliminated (i.e., anti- 
gen) is recognized as being foreign. Spécifie récognition is mediated 
by immunoglobulins (i.e., antibodies) or by receptors on T lympho¬ 
cytes that bind to spécifie déterminants (epitopes). Nonspecific réc¬ 
ognition (i.e., of denatured proteins or endotoxins) may be mediated 



FIGURE 4-22 In this photomicrograph, a chronic inflammatory reaction is 
characterized by an extensive infiltration of mononuclear cells (H&E, x 10 obj.). 



FIGURE 4-23 This high-power photomicrograph reveals perivascular chronic 
inflammatory infiltrate of lymphocytes and plasma cells (H&E, x 50 obj.). 


by the alternative complément pathway or by phagocytes. The bind- 
ing of a récognition component of the immune System to an anti- 
gen generally initiâtes production of proinflammatory substances 
that alter blood flow, increase vascular permeability, augment adhér¬ 
ence of circulating leukocytes to vascular endothélium, and promote 
migration of leukocytes into tissues. The actual destruction of anti¬ 
gens is mediated by phagocytic cells. Such cells may migrate freely 
(e.g., leukocytes) or may exist at fixed tissue sites as components of 
the mononuclear phagocyte System (e.g., Kupffer cells in the liver and 
type A synovial lining cells). 

For the most part, the actions of the immune System lead to 
the élimination of antigens without producing clinically détect¬ 
able inflammation. The development of clinical chronic inflamma¬ 
tion indicates either an unusually large amount of antigen, a virulent 
antigen, or a depressed immune response. 

THE SECONDARY PHASE (REPAIR) 

The initial phase of the inflammatory reaction serves both as a 
defense and a means for the removal or séquestration of necrotic 
tissue; the final component of the inflammatory reaction is repair. 

Among the most important mediators of the inflammatory 
response are the cytokines, which are mostly the product of sensitized 
lymphocytes and are involved in every stage of wound healing (Fig. 
4-24). Some of the factors that affect bone and cartilage growth and 
repair include transforming growth factor beta, insulin-like growth 
factor, platelet-derived growth factor, (32-microglobulin, bone mor- 
phogenetic protein (BMP), interleukin-1, and tumor necrosis factor. 



FIGURE 4-24 Numerous cytokines are involved in every stage of wound 
healing; however, it appears that transforming growth factor beta is a major 
factor in matrix protein synthesis and the formation of granulation tissue. 
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Eventual restoration of the damaged area may involve cell régén¬ 
ération of tissue similar to the original, or replacement by fibrous con¬ 
nective tissue (scar tissue); but usually a combination of these two 
processes occurs. In general, the epithelium of the skin, the gastroin¬ 
testinal tract, and the respiratory tract, as well as the connective tis- 
sues, regenerate well. However the more specialized and differentiated 
tissues are, the more limited their regenerative capacity. It is impor¬ 
tant to recognize that cellular régénération does not imply restoration 
of anatomy, and in the case of the connective tissues especially, failure 
to restore anatomy may lead to failure of function. 

Perhaps the most characteristic early histologie finding in the 
reparative stage of the inflammatory response is the prolifération 
of capillaries and myofibroblasts that comprise granulation tissue 
(Fig. 4-25). In granulation tissue, the fibroblasts produce the struc¬ 
tural extracellular matrix, composed of collagen, PG, and other non- 
collagenous proteins that give body and strength to the new scar 
tissue. 

The clinician should take every opportunity to promote regu- 
lated healing and prevent both delayed healing and excessive scar- 
ring. Therapeutic measures include wound débridement, adéquate 
administration of antibiotics, use of nonreactive suture material, and 
good surgical technique. The avoidance or at least the limitation of 
drugs that suppress the inflammatory reaction (e.g., cortisone and 
nonsteroidal anti-inflammatory drugs) is important, and adéquate 
intake of substances necessary for wound healing (protein and vita- 
min C) is essential. 

During most of the inflammatory response, the exudative and 
reparative events take place simultaneously, although the exuda¬ 
tive features predominate in the early stages of the process, and the 
reparative aspects become more prominent after the removal or 
neutralization of injurious agents and the removal of necrotic tissue 
by the macrophages. 

Following is a sériés of discussions on repair of connective tissues 
after trauma. 

Surgical Wound Healing 

In the case of a surgical wound, ail the tissue in the path of the knife 
blade (including epithelium, fibrous connective tissues, blood vessels, 
nerves, and fat) is injured either reversibly or irreversibly. When the 
wound edges hâve been apposed and sutures applied, a thin clôt fills 
the space between the apposed wound edges and, in the absence of 
bacterial contamination, the acute inflammatory response is limited. 



The macrophages rapidly mobilize to remove red blood cells, fibrin, 
and damaged tissue. Meanwhile, myofibroblasts on either side of the 
wound hypertrophy and migrate, together with capillary sprouts, and 
within a few days, circulation is re-established across the margins of 
the wound. 

As the myofibroblasts lay down collagen, the cellular inflamma¬ 
tory infiltrate diminishes. The épithélial cells at the surface begin to 
undergo mitosis and to migrate over the vascularized granulation 
tissue. In the case of a nonlinear wound, as the épithélial cells 
migrate over the granulation tissue, they extend beneath the fibrin 
clôt (scab) that closes off the surface of the wound. When the epithe¬ 
lium is firmly re-established underneath the scab, the scab sloughs 
(Fig. 4-26). 

The suture material used to appose the wound edges frequently 
causes a foreign body giant cell reaction. In our expérience, this has 
been most severe with some types of absorbable sutures in which 
the suture material breaks up into myriads of fragments (Fig. 4-27). 
The suture may also act as a track along which bacteria may travel. 
If infection occurs, healing is delayed until the infection has been 
overcome. Healing may also be delayed if there is poor circulation in 
the area or if the patient is severely debilitated. 

Muscles 

Contrary to widespread belief, muscle tissue regenerates well, but 
the restoration of normal structure and function is very dépendent 
on the type of injury sustained. 

In severe infections, muscle fibers may be extensively destroyed. 
However, the sarcolemmal sheaths usually remain intact and rapid 
régénération of muscle cells within the sheaths occurs, so that the 
function of the muscle may be completely restored (Fig. 4-28). After 
the transection of a muscle, muscle fibers may regenerate either by 
growth from undamaged stumps or by growth of new, independent 
fibers. The nuclei for both of these processes are derived from the 
satellite or reserve cells found in the endomysium. However, as the 
muscle fibers regenerate and grow, there is also an ingrowth into 
the damaged muscle of capillaries and fibroblasts, with accompa- 
nying production of collagen; this scarring usually overrides and 
prevents muscle fiber régénération (Fig. 4-29). In cases of trauma, 
muscle régénération and healing greatly dépends on the correct 
alignment of the supportive structures by meticulous surgical res¬ 
toration. Functional restoration also dépends on the ability of exist- 
ing nerve fibers to reinnervate regenerating myofibers. 



FIGURE 4-25 A, Photomicrograph of a section through ulcerated skin showing granulation tissue and chronic inflammation (H&E, x 4 obj.). B, Photomicrograph 
of granulation tissue in an early stage of repair. Note the fibrin clôt on the left, and the proliferating fibroblasts and capillaries interspersed with chronic 
inflammatory cells toward the right (H&E, x 10 obj.). 
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FIGURE 4-26 Schematic diagram illustrâtes the healing process in 
épithélial tissue after ulcération. The wound is first filled with a fibrinous 
exudate composed of acute inflammatory cells.This is gradually replaced by 
granulation tissue, with proliferating epithelium extending from the margins 
of the wound, over the granulation tissue, and beneath the residual fibrin of 
the surface. As the epithelium completely re-covers the wound, the dried-up 
layer of fibrin forms a scab, which eventually falls off. 

COMPARTMENT SYNDROME (VOLKMANN'S 
ISCHEMIC CONTRACTURE) 

Compartment syndrome, that is, swelling and ultimate loss of viabil- 
ity of a muscle group, is caused by compromised circulation within a 
confined anatomie space. The condition most commonly involves the 
anterior tibial compartment of the leg, the volar compartment of the 
forearm, or the interosseous compartments of the hand (Fig. 4-30). 



FIGURE 4-27 The introduction of foreign matter into tissue frequently leads 
to a chronic inflammatory reaction, with proliferating macrophages digesting 
the foreign material. Photomicrograph (A) shows giant cells and chronic 
inflammatory cells, giving the appearance of a granulomatous inflammation. 
However, under polarized light (B), one can clearly see the bright fragments 
of suture material that gave rise to this reaction (H&E, x 4 obj.). 



FIGURE 4-28 Photomicrograph shows a regenerating muscle fiber ( upperleft ). 
Note the basophilie cytoplasm and the centrally located nuclei (H&E, x 40 obj.). 

In general, compartment syndrome results from trauma to an 
extremity (usually a fracture or crush injury; recently, the disor- 
der has also been seen in patients suffering from intravenous drug 
overdose). Vascular occlusion from either direct injury or increased 
pressure within the anatomie compartment leads to diminished tis¬ 
sue viability and function. Pain and swelling are prominent symp- 
toms. Muscle necrosis ensues, and eventually the original tissue is 
replaced by dense, fibrous connective tissue, with subséquent defor- 
mity and loss of function. Microscopie findings dépend on the stage 
at which the tissue is obtained. Muscle necrosis, granulation, scar 
tissue, and calcification may be présent (Fig. 4-31). 
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Scar tissue 

Residual muscle fibers 


FIGURE 4-29 Photomicrograph of damaged myocardial tissue shows extensive fibrous scarring, with only a few muscle fibers enmeshed in the dense scar 
tissue. This scarring blocks any potential for régénération and restoration of the muscle tissue (H&E, x 25 obj.). 



FIGURE 4-30 A, Clinical photograph of the arm in an untreated patient who developed compartment syndrome after multiple injuries to the elbow and 
forearm some months earlier. Note the severe flexion contractures. B, Radiograph of the arm shown in A. In addition to evidence of traumatic arthritis, there is 
also immature bone formation around the ulna and radius in the upper third of the forearm. C, Photomicrograph shows that the involved soft tissue is entirely 
necrotic.The purple-stained areas hâve calcified (H&E, x 4 obj.). 
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Necrotic muscle 

Granulation tissue and 
scarring 


FIGURE 4-31 Histologie section through a part of the muscle mass of the anterior tibial compartment involved in compartment syndrome reveals extensive 
muscle necrosis, with, on the right, an inflammatory reaction and fibrous replacement at the margin of the infarcted tissue (H&E, x 4 obj.). 


Treatment of the acute condition is aimed at relieving the pres¬ 
sure by fasciotomy, the removal of tight bandages, or whatever is 
appropriate to the circumstances. 

Tendons and Ligaments 

Traumatic rupture of a tendon or ligament in a healthy individual 
is rare, occurring only in association with a severe injury or with 
chronic répétitive injury. The slow application of excessive load usu- 
ally results in an avulsion of the tendinous or ligamentous insertion 
and includes the bone. The rapid application of excessive load in 
a tendon usually results in a séparation at the musculotendinous 
junction. Risk factors for spontaneous (i.e., low threshold) rupture 
include fluoroquinolone or steroid therapy; hypercholesterolemia; 
rheumatoid arthritis; Marfans syndrome, Ehlers-Danlos syndrome, 
and other connective tissue diseases. 


Tendons may heal either as a resuit of prolifération of the teno- 
blasts from the eut ends of the tendon, or more likely, as a resuit of 
vascular ingrowth and prolifération of fibroblasts derived from the 
surrounding tissues that were injured at the same time as the ten¬ 
don (Figs. 4-32 and 4-33). Because the surrounding tissues contrib- 
ute so much to the healing of a tendon, adhesions are very common. 
To avoid this complication, the repair of lacerated tendons in the 
hand requires meticulous atraumatic technique. With rupture of the 
Achilles tendon or of the cruciate ligament, functional restoration 
usually requires apposition and suturing of the eut ends. 

Peripheral Nerves 

When a nerve fiber is divided, the peripheral portion rapidly under- 
goes myelin degeneration and axonal fragmentation. The lipid 
débris is removed by macrophages mobilized from the surrounding 



FIGURE 4-32 A, Magnetic résonance image of a knee that demonstrates a rupture of the patella tendon. B, Photomicrograph of acutely ruptured tendon to show 
the interruption of the collagen bundles and an acute inflammatory response (H&E, x 10 obj.). C, Same field photographed with polarized light to highlight the 
discontinuity of the tendon collagen. Note that the hyalinized collagen fibers seen in the inflammatory tissue in Figure 4-32B do not polarize (c.f. Fig. 4-21 B). 
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FIGURE 4-33 A, Photomicrograph of a segment of ruptured tendon in the 
healing phase. Cellular collagenous tissue has largely filled in the traumatic 
defect. One focus of vascular granulation tissue (the darkarea) is still présent. 
Part of the original tendon is seen toward the top of the picture. B, Same field 
photographed with polarized light to highlight the collagen of the original 
tendon (H&E, x 10 obj.). 




Proximal nerve 
stump 


Proliferating nerve 
bundles 


FIGURE 4-34 After nerve damage, the proximal stump of the damaged 
nerve demonstrates prolifération of Schwann cells and eventually of 
axons. Unless the nerve fascicles are meticulously approximated, adéquate 
restoration of the nerve fibers will not occur.This photomicrograph shows the 
proximal stump at right, and a tangled mass of proliferating (regenerative) 
Schwann cells and axons at left and below (H&E, x 4 obj.). 


tissues (wallerian degeneration). In the central stump, the nerve 
fibers retract and the axons adjacent to the eut degenerate. However, 
within 24 hours of section, new axonal sprouts from the central 
stump can usually be demonstrated, together with prolifération of 
Schwann cells from both the central and peripheral stumps (Fig. 
4-34). With careful microsurgical approximation of the nerve, rein¬ 
nervation may be achieved. The most important requirement of 
successful nerve régénération following repair is the maintenance of 
the neurotubules along which the new axonal sprouts can pass. 

CARPALTUNNEL SYNDROME 

Carpal tunnel syndrome is an entrapment neuropathy caused by 
pressure on the médian nerve as it passes under the transverse car¬ 
pal ligament and over the hollow of the carpal bones (Fig. 4-35). 
Patients usually report night pain, often accompanied by paresthesia 
in the distribution of the médian nerve. In advanced cases, wasting 
of the thenar muscles may occur. The cause of the increased pres¬ 
sure varies, but most often it results from post-traumatic fibrosis 
or synovitis. Occasionally carpal tunnel syndrome may herald rheu- 
matoid arthritis or other synovial disease and, on rare occasions, it 
has been found to resuit from amyloid deposits (a discussion on the 
difficulties of diagnosing amyloid in connective tissue is found in 
Chapter 9). 

The condition is treated by surgical division of the transverse car¬ 
pal ligament. At operation, the nerve is often seen to be congested 
above the ligament, and constricted and pale where it lies under the 
ligament (Fig. 4-36). 

Microscopie examination of the transverse carpal ligament usu¬ 
ally reveals nonspecific fibrosis and occasional fibrocartilaginous 
metaplasia. Two conditions that may be related to carpal tunnel 
syndrome are trigger finger and de Quervains disease (stenosing 
tenovaginitis of the common tendon sheath of the abductor pollicis 
longus and the extensor pollicis brevis). In both of these conditions, 



FIGURE 4-35 This diagram of a dissected hand shows the médian nerve 
passing through the carpal tunnel and under the transverse carpal ligament. 
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FIGURE 4-36 Gross photograph of a segment of the médian nerve, resected 
at autopsy from the part of the nerve that had entered the carpal tunnel. 
Note the slight constriction and pale appearance in the area of the nerve 
that had coursed under the transverse carpal ligament (on the left) as 
compared with the pink appearance of the slightly swollen nerve proximal 
to the ligament (on theright). 


the free movement of the tendon is blocked by a focal thickening of 
the tendon sheath, which results from fibrocartilaginous metaplasia 
(Fig. 4-37). The treatment is excision. 

Bone 

FRACTURE 

Fracture of the bone results from a combination of mechanical 
injury, failure of neuromuscular coordination (unsteadiness), and 
the strength of the bone itself. Many fractures seen in hospital prac¬ 
tice are in elderly people. In these patients, fractures of the vertébral 
bodies, fémoral neck, and wrist are common, usually as the resuit 
of osteoporosis, together with an increased liability to falls resulting 
from a détérioration in neuromuscular coordination. A recently rec- 
ognized fracture mostly seen in elderly individuals is a subchondral 
insufficiency fracture usually occurring in the fémoral head or in 
the médial fémoral condyle of the knee (Fig. 4-38). These lésions are 
discussed in more detail in Chapter 11. Children with meningomy- 
elocele may présent with severe periarticular fractures in the lower 



FIGURE 4-38 A, Photomicrograph of a section through a removed fémoral 
head. The area of increased bone density seen under the articular cartilage 
(arrow) is due to fracture callus seen at higher power in B. (H&E, A x 4 obj.; 
B x 25 obj.). 


limb resulting in a Charcots joint, which may on occasion simulate 
a malignant tumor (Fig. 4-39). 

Child abuse and even abuse of the elderly often lead to nonacci- 
dental traumatic fractures. These fractures may be présent without 
there necessarily being any external evidence of trauma. In children, 
such fractures need to be distinguished from pathologie fracture 
secondary to an underlying metabolic disturbance such as osteo- 
genesis imperfecta. 

Pathologie fractures resuit from weakening of the bone caused by 
local disease such as tumor or infection. In such a case, the underly¬ 
ing disease process may be masked by the fracture callus and there- 
fore not readily be apparent to the attending physician. 



FIGURE 4-37 A, Photomicrograph of a portion of tissue excised from the thickened tendon sheath in a case of trigger finger. Note the fibrocartilaginous 
metaplasia of the subsynovial tissue (H&E, with Nomarski, x 10 obj.). B, In another field of the thickened tendon sheath, there is a more disorganized 
fibrocartilaginous matrix (H&E, x 10 obj.). 



CHAPTER 4 THE EFFECTS OF INJURY AND THE INFLAMMATORY RESPONSE 97 





sV 

, sfeSSSi 



J* 

v; .w * 


^ 

■ rJ*'Z*£ï- A 


FIGURE 4-39 A, Radiograph of the right fémur of a young child with a myelomeningocele and a recent history of fever of unknown origin. Because of the 
swelling and redness of the leg, the radiograph was interpreted as either osteomyelitis or a primary malignant tumor; however, it is the resuit of a fracture. 
B, Low-power photomicrograph shows islands of immature fracture callus (top) with proliferating fibroblastic tissue (H&E, x 10 obj.). C ; The higher power 
photomicrograph confirms the absence of inflammatory cells or a malignant tumor (H&E, x 25 obj.). (Courtesy of Dr. Julius Smith.) 


The minor injuries of everyday life may resuit in individual tra- 
becular fractures or microfractures (Figs. 4-40 and 4-41). Répétitive 
stress to the bone, as occurs in hikers, long-distance runners, and 
very commonly in dancers, may resuit in cumulative microfractures 
and the development of stress (or fatigue) fractures usually in the 
feet or in the tibia (shin splints) (Figs. 4-42 and 4-43). Such lésions 
occur without a history of significant mechanical trauma, and there- 
fore may be misinterpreted by the clinician, radiologist, or patholo- 
gist as a neoplasm. 

Repeated trauma at ligamentous and tendinous insertions that 
results in an avulsion fracture may also exhibit a pseudosarcomatous 


appearance, both radiographically and histologically. In young adoles¬ 
cents, such injuries are most likely to occur in and around the pelvis, 
particularly at the origins of the adductor muscles along the inferior 
pubic ramus adjacent to the symphysis pubis, the lower head of the 
rectus femoris just above the acetabulum, and the origins of the ham- 
string muscles at the ischial tuberosity, as well as the insertions of the 
gluteus at the greater trochanter and the psoas at the lesser trochanter 
(Fig. 4-44). Repeated trauma at the insertion of the adductor muscles 
of the thigh may lead to the formation of a bony spur on the lower 
médial aspect of the fémur, often referred to as a riders spur because 
it is commonly seen in those who ride horseback. In children around 



FIGURE 4-40 Enlarged photograph of an area of subarticular cancellous 
bone, showing three microfractures, which are recognized by the presence 
of cocoon-like microcallus attached to the trabeculae. 



FIGURE 4-41 Photomicrograph of a microfracture through a single 
trabecula. Note the fracture line, the résorption at the fracture line, and the 
surrounding reactive immature bone of the microcallus (H&E, Nomarski 
optics, x 4 obj.). 
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FIGURE 4-42 In this young individual (open growth plate), an area 
of sclerosis is apparent on the médial side of the tibia. Overlying the 
sclerotic area is a periosteal reaction extending down the shaft of the tibia. 
A horizontal lucent line in the sclerotic zone marks the fracture line. 



FIGURE 4-44 Clinical radiograph shows an avulsion fracture in the pelvis. 
Note the fragmentation due to avulsion injury of the ischial tuberosity.This 
fracture, like the stress fracture in Figure 4-43, may easily be misdiagnosed as 
a tumor, either radiographically or microscopically. 



FIGURE 4-43 Clinical radiograph of a stress fracture of the leg. A patient 
with this type of fracture usually does not hâve a history of trauma, 
and présents clinically with pain and swelling in the affected parts after 
strenuous physical activity.The periosteal élévation, combined with a lack 
of displacement or obvious fracture line through the bone, may lead to this 
fracture being misdiagnosed radiographically as a tumor. Even if a biopsy is 
obtained, the hypercellular appearance of the callus may lead the pathologist 
to believe that this is a cellular bone-forming neoplasm or, as in this case, 
an osteoid osteoma. 


the âges of 10 and 11 years, avulsion fractures are also seen at the tibial 
tubercle, where the effects of the injury and eventual repair resuit in 
the lésion known as Osgood-Schlatter disease (Fig. 4-45). 

Because bone is a composite material and is also anisotropic (see 
Chapter 1), the gross appearance of a fracture dépends on the micro¬ 
structure of the bone tissue. Bones most important structural fea- 
tures in terms of fracture propagation are its many weak interfaces, 
which include both the cernent Unes as well as the osteocyte lacunae 
and canaliculi dispersed throughout the matrix. The osteocyte lacu¬ 
nae can act as sites of crack initiation, and the cernent Unes provide 
the major planes of fracture propagation (Fig. 4-46). The alignment 
of the cernent Unes in the cortical bone is predominantly longitu¬ 
dinal and is partially responsible for the obliquity of most fractures 
in the shafts of long bones. In diseases in which the microstructure 
of bone is markedly disturbed (e.g., in osteopetrosis or Pagets dis¬ 
ease), the transverse pattern of fractures in a long bone reflect the 
disturbance in micro architecture. 

The direction in which a load is applied also détermines the 
direction of the fracture. In general, tensile loads cause fiat frac¬ 
tures, whereas compressive loads resuit in oblique fractures, usually 
with greater damage to the bone. Bending forces cause fractures that 
combine the features of tensile and compressive fractures, and tor- 
sional loads usually lead to helical fractures (Fig. 4-47). 

BONE FRACTURE RE PAIR 

Fortunately, the healing of bone is one of the great successes of 
nature. Under favorable conditions and provided the fractured ends 
are properly aligned, bone can regenerate and remodel to function 
optimally. 

The single most important factor in the primary healing of a 
fracture is complété immobilization of the fractured bone ends. In 
nature, this immobilization is achieved through the production of 
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FIGURE 4-45 Clinical radiograph of the knee in a 12-year-old child shows fragmentation and avulsion of the tibial tubercle.This condition, known as 
Osgood-Schlatter disease, is almost certainly post-traumatic. 



FIGURE 4-46 As bone fracture develops, the propagation of cracks is likely to 
follow the cernent lines. In this photomicrograph, the cernent lines are indicated 
by cracks that hâve developed duringtissue sectioning (H&E, x 10 obj.). 

immature bone and cartilage matrix by the cambial layer of cells 
in the periosteum and from undifferentiated mesenchymal cells 
in the soft tissues around the broken ends of the bone (Fig. 4-48). 
This immature reparative tissue is referred to as the fracture callus 
(Fig. 4-49). 

The amount of callus produced dépends on a number of factors, 
including the degree of instability and the vascularity of the injured 
bone. The amount of callus is increased in unstable fractures, and 
usually contains much cartilage tissue (Fig. 4-50). In poorly vascu- 
larized areas of the skeleton (e.g., the midshaft of the tibia), callus 
formation may be scant; consequently, healing may be delayed, 
sometimes indefinitely, thus resulting in chronic nonunion at the 
fracture site (Fig. 4-51). 


When a fracture occurs, the amount of injury sustained by the 
bone itself and by the surrounding soft tissues dépends on the direc¬ 
tion and magnitude of the force applied. The bone fragments may 
be displaced. The fracture line may be single (a simple fracture) or 
the bone may be broken into many fragments (a comminuted frac¬ 
ture). If the skin over the fractured bone is also broken, the injury 
is considered to be a compound fracture, and infection is a com- 
mon complication. In some cases, soft tissue may become inter- 
posed between the fractured ends of the bone, causing healing to 
be significantly delayed. For ail these reasons, the histologie appear- 
ance of the reparative tissue surrounding a fracture is extremely 
variable. 

Tissue obtained within a few days of injury usually shows areas 
of hemorrhage and acute tissue damage (Fig. 4-52). The bone and 
bone marrow on either side of the fracture undergo necrosis, the 
extent of which dépends on the local anatomy (Fig. 4-53). Fractures 
of the fémoral neck, some of the carpal and tarsal bones, and the 
patella frequently demonstrate widespread bone necrosis because 
the local vascular supply is severely compromised (Fig. 4-54). In a 
comminuted fracture, the separate bone fragments are also likely to 
undergo necrosis. If bone or soft-tissue necrosis is extensive, healing 
will be delayed. 

Microscopie examination of tissue from a 2-week-old fracture 
callus generally shows markedly cellular tissue, usually hypervas- 
cular, which produces irregular islands and trabeculae of immature 
bone and cartilage (Figs. 4-55 and 4-56). The hypercellularity and the 
disordered organization may produce a pseudosarcomatous appear- 
ance (Fig. 4-57), and because a biopsy is not likely to be performed 
unless the clinician has failed to recognize the traumatic origin of 
the patients complaints, the pseudosarcomatous appearance of the 
callus can easily lead to errors in interprétation by the pathologist. 
It cannot be too strongly emphasized that because stress fractures 
without an obvious history of injury are common in young people 
(the same âge group as osteosarcomas), clinical récognition of the 
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FIGURE 4-47 These diagrams 
illustrate three different kinds 
of fractures, and how they are 
caused. Left, Transverse fracture, 
caused by traction (pulling force). 
Center, Oblique fracture caused 
by compression. Right, Helical 
fracture, caused by torsion. 

These différences in the pattern 
of fracture apply not only to a 
whole bone but to an individual 
trabeculum. 





Site of fracture 
External periosteal callus 
Internai callus 
Cortex 

Periosteum 


FIGURE 4-48 Low-power photomicrograph shows reparative new bone that has formed in the soft tissue and periosteum surrounding a fractured rib. 
Restoration of bone cortex and medulla dépends on complété immobilization of the fracture site, which is accomplished naturally through the formation of 
external callus. (However, when a fracture is treated by rigid internai fixation, external callus may not be évident, because it is not necessary.) (H&E, x 1.5 obj.) 



FIGURE 4-49 Fine grain radiograph to show the fine trabecular pattern of callus 
(left) as compared with normal cancellous bone (right) (magnification x 4). 


true nature of the problem is important and, on occasion, is among 
the most difficult problems in differential diagnosis (Fig. 4-58). 

Once the callus is sufficient to immobilize the fracture site, repair 
occurs between the fractured cortical and medullary bones. When 
union has been achieved, the callus is remodeled and eventually 
disappears. 

Very little callus is produced when a fracture is treated with rigid 
internai or external surgical fixation, where primary healing of the 
bone proceeds without the abundant external callus seen in associa¬ 
tion with unstable fractures. 

Many factors influence the repair of a fracture. These include the 
particular bone involved (the tibia being especially difficult), the por¬ 
tion of the bone involved (the diaphysis is worse than the metaphy- 
sis), the type of fracture (comminuted versus simple), the degree of 
soft tissue injury, interposition of soft tissue between the fractured 
bone ends, and the stability of the site after fixation. Evaluation 
of fracture repair in any clinical study must consider the effects 
of these factors. When there is nonunion of a previous fracture 
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FIGURE 4-50 A, A section through a fractured sesamoid of the big toe (H&E, x 1 obj.). B, A high-power view of the area outlined in the box in A (H&E, 
x 4 obj.). C, A normal fracture callus contains variable amounts of bone, cartilage, and fibrous tissue depending on the stability, vascularity, and extent of 
injury (H&E, x 4 obj.). D, When a fracture is unstable or when the fracture site is poorly vascularized, an abundance of cartilage is found, as seen in this 
photomicrograph (H&E, x 25 obj.). 



FIGURE 4-51 Healing may be delayed in a poorly vascularized or extremely 
unstable fracture, and sometimes may not even occur at ail. In such a case, 
a false joint or pseudoarthrosis is formed. A, Gross specimen of a long-term 
nonunion bone. B, Microscopie examination reveals dense fibrous connective 
tissue and lack of bony union (H&E, x 1.5 obj.). 



FIGURE 4-52 Photomicrograph of tissue obtained from the area around 
a recent fracture site shows extensive hemorrhage and a large fat cyst 
surrounded by giant cells, characteristic of fat necrosis (H&E, x 10 obj.). 

or when large bone defects are présent, grafting with autografts 
(from another anatomie site in the same patient), allografts (from 
other human subjects), or xenografts (from animais) is an accepted 
practice (Fig. 4-59). 

Histologie evidence from experimental studies of fracture repair 
and ectopic ossification indicates the necessity of a rigid calcified 
framework for lamellar bone to be deposited. The composition of 
this framework may be calcified cartilage, calcified woven bone, or 
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FIGURE 4-53 Photomicrograph of the broken end of a bone taken 1 week 
after the fracture demonstrates both hemorrhage and bone necrosis. Note 
that the osteocyte lacunae in the bone are completely empty. Some tissue 
necrosis will always be présent following significant injury (H&E, x 1 obj.). 



FIGURE 4-54 After injury, the blood supply may be so compromised as 
to cause complété necrosis of the affected tissue. In this gross specimen, 
complété osteonecrosis of the carpal lunate bone has occurred.The necrotic 
bone is recognized by its opaque yellow appearance. 

even foci of dystrophie calcification. When such a framework exists 
and lamellar bone is produced, it is said to be osteoconductive, play- 
ing the rôle of a filler to assist in the bridging of a gap (usually a frac¬ 
ture line). Most bone grafts act in this way (Fig. 4-60); however, it has 
been shown that certain proteins (BMPs) derived from bone and 
bone marrow are osteoinductive, that is, they stimulate the forma¬ 
tion of bone matrix by the cell. A mixture of bone graft (osteocon¬ 
ductive) and admixed bone marrow BMP (osteoinductive) will work 
better as a graft than a bone graft alone. 

Fractures may also lead to systemic complications, including shock 
syndrome and myoglobinuria, the latter occurring when there is signif¬ 
icant muscle injury. Associated with ail fractures is a disruption of the 
bone marrow, with the potential for embolization of the fatty marrow 
through the locally damaged venous System. Fat embolization becomes 
a clinical problem in severe multiple fractures and extensive orthopé¬ 
die surgery, for example, bilateral joint replacements, and may resuit in 
pétéchial hemorrhages, cérébral ischemia, or pulmonary insufficiency 
(Fig. 4-61). The effects of fat emboli on the tissues are, first, mechanical 
obstruction of the capillary bed and, second, an inflammatory response 
resulting from breakdown of the fat into free fatty acids. 



FIGURE 4-55 Photomicrograph of a fracture callus obtained from the 
soft tissue around a 2-week-old fracture demonstrates proliferating 
trabeculae of immature cellular bone growing around and between 
muscle fibers, staining red in this préparation. This histologie finding could 
be misdiagnosed as an infiltrating bone-forming tumor (phloxine and 
tartrazine, x 10 obj.). 



FIGURE 4-56 Higher power photomicrograph demonstrates the cellularity 
and immature appearance of early fracture callus (H&E, x 32 obj.). 


CONGENITAL PSEUDOARTHROSES 

A pseudoarthrosis (false joint) usually occurs in adult life as a com¬ 
plication of a fracture. However, it may also manifest at birth or 
during infancy, commonly in the shaft of the tibia (or rarely the 
ulna). The lésion is usually observed at the level of the junction of 
the middle and lower third of the bone shaft. This type of pseudo¬ 
arthrosis is considered congénital and constitutes a distinct ortho- 
paedic entity. 

Radiographie évaluation of an infant with congénital pseudoar¬ 
throsis reveals discontinuity in the diaphysis of the affected bone, 
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FIGURE 4-57 A, Photomicrograph demonstrates the hypercellular, proliférative appearance of callus, which in this case shows only minimal bone matrix 
formation. The pseudosarcomatous appearance of this tissue may lead to misdiagnosis (H&E, x 10 obj.). B, Photomicrograph of fracture callus taken from 
around a 10-day-old fracture. Note the proliferating cartilage and immature bone {left), having a pseudosarcomatous appearance (H&E, x 10 obj.). 



FIGURE 4-58 A segment of the costochondral junction was resected from 
an elderly patient who presented with a swelling in the chest wall (A). 
Radiographie examination revealed a localized dense mass, which was 
interpreted by both the clinician and the radiologist as a neoplasm. However, 
the histologie préparation of the resected specimen (B) shows a fracture 
through the calcified costal cartilage, surrounded by a mass of reactive bone 
and scar tissue (H&E, x 1.5 obj.). 


associated with a characteristic tapering of the bone ends at the site 
of the pseudoarthrosis (Fig. 4-62). Histologie examination reveals 
dense, fibrous connective tissue filling the defect (Fig. 4-63). 

Neurofibromatosis is présent in a high percentage of children 
with this condition, and as many as 10% of patients with neurofi¬ 
bromatosis hâve the disorder. Nevertheless, neurofibromas are not 
usually recognized on microscopie examination of histologie spéci¬ 
mens from the involved site. These lésions usually prove to be very 
refractory to treatment. 



FIGURE 4-59 This patient with a history of segmentai avascular necrosis of 
the fémoral head had been treated with a cortical bone allograft 18 months 
before the resection of the fémoral head. This eut section through the 
fémoral head clearly shows that the graft has been incorporated. 

Cartilage 

Healing of cartilage is adversely affected by three factors: its avascu- 
larity, its low cell-to-matrix ratio, and its interstitial pattern of growth, 
in contrast to the appositional growth of bone. Nevertheless, it is 
essential to recognize that cartilage cells can indeed proliferate, and 
that in arthritis, in which the cartilage is damaged, cartilage régén¬ 
ération with both cartilage cell prolifération (Figs. 4-64 and 4-65) 
and cartilage matrix production is a regular feature. Similar pro¬ 
cesses also occur at the borders of a traumatic cartilaginous defect 
(Figs. 4-66 to 4-68). 

The ability of cartilage cells to produce an adéquate matrix and 
to restore functional tissue probably dépends on their mechanical 
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FIGURE 4-60 Photomicrograph of tissue obtained from an area previously 
grafted with bone tissue broken into very small pièces. New bone has formed 
and surrounds the fragments of grafted bone (H&E, x 4 obj.). 


environment. After an injury to the articular surface, as might occur 
in an athletic injury, continued use and irritation will probably resuit 
in worsening of the condition. (Cartilage repair is discussed at greater 
length in Chapter 10.) 



FIGURE 4-61 Photomicrograph of lung tissue showing globules of fat in the 
alveolar walls (frozen section; oil red O stain, x 4 obj.). 

Menisci of the Knee 

The menisci are composed mainly of collagen, although some PG 
is also présent. The amount of PG increased dramatically in the 
injured meniscus and is associated histologically with cartilaginous 
metaplasia in the injured tissue. Examination of carefully oriented 
sections has revealed that the principal orientation of the collagen 
fibers in the menisci is circumferential (see Fig. 1-63). The few small, 
radially disposed fibers that do occur exist primarily on the tibial 
surface. The circumferential orientation of most of the collagen 
fibers is designed to withstand the circumferential tension within 
the meniscus during normal loading. The radially disposed fibers 
probably act as ties to resist longitudinal splitting of the menisci that 
might resuit from undue compression. 



FIGURE 4-62 A, Anteroposterior radiograph of a young boy with congénital pseudoarthrosis of the tibia and fibula. The appearance of the lésion at the junction 
of the middle and lower third of the bones and the tapering of the bone ends are characteristically found in patients with congénital pseudoarthrosis. B, Latéral 
radiograph of the case shown in A. 
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FIGURE 4-63 Histologie section of a congénital pseudoarthrosis of 
the clavicle shows that the gap in the bone is filled with dense, fibrous 
connective tissue, with no significant new bone formation (H&E, x 1 obj.). 


FIGURE 4-66 A traumatic injury to the convex surface of an interphalangeal 
joint has resulted in displacement of the subchondral bone plate. At the site 
of injury there is necrotic cartilage and viable dense fibrous connective tissue 
(H&E, x 2.5 obj.). 

Lacérations of the meniscus cause symptoms that require surgical 
treatment in two groups of patients: young active patients in whom 
injury is frequently related to athletic activity, and older individuals in 
whom degeneration leads to lacération. In older individuals a good deal 
of fraying of the inner edge of the menisci is a frequent occurrence. 

Most significant lacérations take place in the posterior horn of 
the meniscus and, more commonly, in the médial meniscus. They 
usually occur as clefts that run along the circumferentially directed 
collagen fibers (Fig. 4-69). Extension of the tear may lead to the 
bucket-handle deformity (Fig. 4-70). Over time, such a cleft may 
extend to the médial margin of the meniscus and create a tag, which 
eventually may become quite smooth (Fig. 4-71). Sometimes, the 


FIGURE 4-65 Photomicrograph of cartilage obtained from the knee joint of 
a patient with osteoarthritis shows cellular reparative cartilage at the surface 
overlying pre-existing cartilage, which is largely necrotic with few remaining 
viable cells (H&E, x 10 obj.). 


Reparative chondrocyte 
clones 


Subchondral bone 


FIGURE 4-64 After injury to cartilage tissue resulting in cell death, 
prolifération of clones of reparative chondrocytes may appear, as seen in this 
photomicrograph (H&E, x 25 obj.). 


The menisci of young individuals are usually white, hâve a trans- 
lucent quality, and are supple on palpation. The menisci in older 
individuals lose their translucency, become more opaque and yellow 
in color, and feel less supple (see Fig. 1-55). 
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FIGURE 4-67 Photomicrograph to demonstrate a fracture through the 
subchondral bone plate, with some reactive fibrous tissue filling the gap 
(H&E,x lOobj.). 


meniscus shows peripheral detachment, again usually posteriorly. 
Fraying of the inner margin of the meniscus is found at autopsy in 
over 50% of older individuals (Fig. 4-72). 

The development of arthrography, and later magnetic résonance 
imaging and arthroscopy, has greatly improved the clinical diagnosis of 
tears in the menisci. These techniques help to localize tears and, when 
the scope of the injury is limited, can facilitate partial meniscectomy. 

In histologie sections of torn menisci, evidence of both injury and 
repair may be seen, with the findings likely to be time dépendent 
(Fig. 4-73). In sections of a torn meniscus, it is not unusual to see 
cartilaginous metaplasia, probably resulting from the altered loading 
pattern (Fig. 4-74). However, it is difficult to détermine whether his¬ 
tologie degenerative changes observed at meniscectomy resuit from 
or contribute to the tear (Fig. 4-75). 

Synovium 

Injury to any of the joint structures necessarily affects the synovium. 
Traumatic synovitis is usually characterized microscopically by 
evidence of hemorrhage (hemosiderin staining), hypertrophy and 



FIGURE 4-68 A, A traumatic cartilage defect being filled with reparative fi brocart ilage and granulation tissue from the subchondral marrow space (H&E, x 2.5 obj.). 
B, Higher power of the fibrocartilage and granulation tissue (H&E, x 10 obj.). 



FIGURE 4-69 Gross photograph of a médial meniscus with an early tear 
in the posterior horn. These tears characteristically occur as clefts in the 
substance of the meniscus and run in the direction of the collagen fibers. 


FIGURE 4-70 Extension of the meniscal tear along the length of the 
meniscus may resuit in a bucket-handle tear, as demonstrated here. 
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FIGURE 4-71 Occasionally, a tear such as that shown in Figure 4-69 will 
extend onto the médial margin and form a tag that extends into the joint 
space. Such a tag may become smoothed off at its margins, as seen in this 
specimen. 


FIGURE 4-72 The latéral meniscus removed from an older individual. Notice 
the yellow discoloration; fraying of the inner margin is présent, together with 
some small clefts. 




FIGURE 4-73 Photomicrograph of an area of lacération in a meniscus. On both the right and left sides, intact collagen fibers can be seen, while in the center a 
defect filled with granulation tissue is évident. Repair is much more likely to be seen in the peripheral third of the substance of the meniscus, where the tissue is 
vascularized (H&E, x 10 obj.). 



FIGURE 4-74 Photomicrograph to demonstrate cartilaginous metaplasia 
within injured meniscal tissue.This alteration is probably the resuit of 
local alterations in loading from predominantly tensile to predominantly 
compressive (H&E, x 40 obj.). 


FIGURE 4-75 Photomicrograph of meniscal tissue shows foci of normal- 
appearing collagen at the upper left; collagen fibers, which are frayed, in the 
middle; and myxomatous tissue, possibly the resuit of degenerative changes, 
at lower right (H&E, x 25 obj.). 
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FIGURE 4-76 A, Photomicrograph of synovial tissue obtained from a knee joint about 1 to 2 months after injury to the joint. The synovial lining is both 
hypertrophied and hyperplastic.There is extensive hemosiderin déposition in the subsynovial tissue (H&E, Nomarski optics, x 10 obj.). B, Photomicrograph of a 
higher power view of the hypertrophied and hyperplastic synovial lining (H&E, x 25 obj.). 



FIGURE 4-77 A, Photomicrograph of hemosiderotic synovitis, which was confused at operation with pigmented villonodular synovitis (H&E, x 4 obj.). 
(B) Higher power shows hemosiderin laden macrophages (H&E, x 10 obj.). 


hyperplasia of the synovial lining cells, mild chronic inflammation, 
and occasionally by included fragments of detached bone and carti¬ 
lage (Fig. 4-76). Sometimes the severity of the synovial response may 
obscure the underlying traumatic etiology and lead to a mistaken 
diagnosis of pigmented villonodular synovitis (Fig. 4-77). 


Summary 


Mechanical trauma is a major cause of skeletal malfunction. Trauma 
also plays a contributory rôle in a number of other morbid conditions, 


including but not limited to osteoarthritis, slipped capital fémoral 
epiphysis, myositis ossificans, and interdigital (Mortons) neuroma 
of the foot, ail of which are discussed in greater detail later. 

The response to injury (the inflammatory response) is effected 
mainly locally and through the vascular System; its purpose is to 
restore the body to its status quo. In the case of minor injuries 
that frequently befall ail of us, the status quo is indeed restored. 
In the case of more severe injury, however, a new status quo with 
resulting disability is more likely to occur. Effective management 
of such disabilities is dépendent on a thorough understanding of 
pathogenesis. 




Bone and Joint 
Infection 



Ferdinand Cohn (January 24, 
1828-June 25, 1898). Cohn was 
the first to classify bacteria as 
plants and to subclassifiy them 
into four subgroups. He also 
described the life cycle of Bacillus 
and showed that it changes form 
to an endospore when subjected 
to a hostile enviromnemt. He was 
awarded the Leuwenhoek medal. 
(From Ferdinand Cohn. Wikipedia. 
Available at http://en.wikipedia. 
org/wiki/Ferdinand_Cohn.) 


Louis Pasteur (December 27, 
1822-September 28, 1895). Pas¬ 
teur is regarded as one of the three 
main founders of microbiology, 
together with Ferdinand Cohn and 
Robert Koch. He is best known for 
inventing a method to stop mille 
and wine from causing sickness, a 
process known today as pasteuri¬ 
zation. (Courtesy of the National 
Library of Medicine, photograph 
négative No. 59-332.) 


Robert Koch (December 11, 
1843-May 27, 1910). Koch is 
famous for isolating Bacillus 
anthracis , Vibrio cholerae, and 
Bacterium tuberculosis and the 
development of Koch’s postulate. 
He was awarded the Nobel Prize 
in 1905. (Courtesy of the National 
Library of Medicine, photograph 
négative No. 58-449.) 
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Because it is so common, the physician understandably thinks first of 
infection when signs of inflammation are présent; however, it is very 
important to remember that inflammation also occurs in response 
to other pathologie processes, including trauma, immunologically 
mediated disease (e.g., rheumatoid arthritis), some metabolic dis- 
eases (e.g., goût), and even neoplasia. 

It was only in the late 19th century that the clinical picture of bone 
marrow infection (osteomyelitis) became recognized for what it is. 
Before the era of antibiotics, bone and joint infections were both com¬ 
mon and serious clinical problems resulting in high rates of morbidity 
and mortality. In the présent day, the incidence of osteomyelitis and its 
associated mortality has decreased dramatically; however, even with 
antibiotic use, the morbidity rate remains high. In the third world, 
bone and joint infections still remain a serious clinical problem. 

The prompt diagnosis and management of osteomyelitis 
dépends on a careful corrélation of clinical, radiologie, and histo¬ 
pathologie findings. Occasionally, there are problems with differ- 
ential diagnosis, especially when differentiating osteomyelitis from 
round cell tumors and éosinophilie granuloma. These problems are 
encountered not only radiologically and clinically (an Ewing tumor 
may présent with fever and increased sédimentation rate) but also 
microscopically, especially with small crushed specimens where 
tumor cells and inflammatory cells may be difficult to distinguish 
(Figs. 5-1 and 5-2). In such cases, the diagnosis of osteomyelitis may 
dépend on intraoperative cultures in combination with the patient s 
subséquent postoperative course; the importance of taking an adé¬ 
quate amount of culture material and its prompt inoculation into 
the transport medium cannot be overemphasized. 

The majority of bone and joint infections are either pyogénie 
(characterized by neutrophilie infiltration and pus formation) or 



FIGURE 5-1 A 7-year-old boy with 3 weeks of pain above the knee. 
Radiograph demonstrates a lésion in the medullary portion of the distal 
fémoral diaphysis with moth-eaten bone destruction associated with 
lamellated periosteal reaction. The radiographie features suggested Ewing's 
sarcoma; however, the lack of a definite soft tissue mass and the short 
symptomatic period points to the diagnosis of osteomyelitis, which was 
confirmed by biopsy and culture. 



FIGURE 5-2 Photomicrograph of tissue shows nests of dark hyperchromatic 
cells crushed at the time of biopsy, rendering accurate microscopie diagnosis 
impossible in this histologie field (H&E, x 10 obj.). 

granulomatous (characterized by multiple nodules or granules in 
tissue). In general, pyogénie diseases are more common in bone, 
whereas granulomatous infections are more often found in joints. 


Pyogénie Infections and Other 
Nongranulomatous Inflammatory 
Conditions 


CLINICAL CONSIDERATIONS 

Infection of skeletal tissue results from microbes that are either 
blood borne (hematogenous infection) or implanted directly into 
the bone. The latter is now the most common clinical présentation 
and most often occurs as a complication of a compound fracture or 
of surgery. 

Hematogenous Osteomyelitis 

Children comprise the majority of patients with acute hematogenous 
osteomyelitis. In children older than the âge of 1 year, Staphylococcus 
aureus , Streptococcus pyogenes , and Haemophilus influenzae are the 
most commonly isolated microbes. After 4 years of âge, the incidence 
of osteomyelitis caused by H . influenzae decreases in incidence. 

The most frequent sites of pédiatrie osteomyelitis are areas of rapid 
growth and increased risk of trauma: the distal fémur, proximal tibia, 
proximal fémur, proximal humérus, and distal radius (Fig. 5-3). There 
is some evidence that the large caliber of the metaphyseal veins in 
children results in a marked slowing of blood flow, predisposing trau- 
matized tissue to thrombosis and subséquent colonization of the area 
by blood-borne bacteria (Fig. 5-4). 

Hematogenous osteomyelitis is uncommon in healthy adults. 
However, with increased numbers of debilitated individuals (i.e., those 
with chronic immune deficiency disease or drug addiction), adults 
with osteomyelitis are being seen with greater frequency. S. aureus is 
the most commonly isolated pathogen in these individuals, although 
infections with Staphylococcus epidermidis , gram-negative rods, and 
yeasts such as Candida are also seen. 

Studies of osteomyelitis in intravenous drug users (IDUs) reveal 
that almost 90% are bacterial in origin with a prédominance of 
pyogénie infections. S. aureus and streptococci are the most fre- 
quently encountered pathogens. Gram-negative bacilli, particularly 
Pseudomonas aeruginosa, are well known, although less common, 
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FIGURE 5-3 Distribution of osteomyelitis in children and adults. 
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infecting organisms. Polymicrobial infections may occur. Infecting 
bacteria are carried into the blood from the skin as well as injected 
from unclean hypodermic needles. Additionally, the injected drugs 
are often eut’ and thereby contaminated with other particulate mat- 
ter. The resulting microvascular occlusion provides a ready site for 
bacterial colonization. Clinical symptoms and signs are often sub- 
tle, with fever and chills conspicuously absent in most IDU patients. 
Local pain may be the sole clinical finding, and thus, the diagno- 
sis of osteomyelitis may be delayed. The focus of osteomyelitis in 
these patients is usually the spine (Fig. 5-5) or the pelvis, although 
the disease may occur anywhere in the skeletal System (sometimes 
in unusual sites such as the clavicle). When long bones are involved, 
radiographie changes include lyses of affected bone as well as scle- 
rosis and periosteal reaction (sometimes in an onion skin pattern), 
which may resuit in a misleading diagnosis of malignancy. 

In elderly individuals, especially those with genitourinary infec¬ 
tions, opportunistic bacteria selected out by repeated antibiotic use, 
usually P. aeruginosa, gain access to the spine possibly via Batsons 
venous plexus (Fig. 5-6). Another group of elderly patients in whom 



FIGURE 5-4 After mechanical trauma to the bone in children, the large 
venous channels in the metaphysis are liable to thrombose (see vein on 
right). In the presence of bacteria from infection elsewhere in the body, such 
a site of thrombosis can act as a nidus for bacterial growth and subséquent 
development of osteomyelitis. 


FIGURE 5-5 Radiograph of a latéral portion of the spine in a young drug 
addict.There is narrowing of the dise spaceT12-L1 and bone sclerosis 
anteriorly on both sides of the dise between L2 and L3 and extensive 
destruction at L4-L5 and L5-S1, with collapse of L5. Bactériologie culture 
showed that the offending organism in this case was Staphylococcus aureus. 
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FIGURE 5-6 The veins of the vertébral column form intricate plexuses 
around the column, along the spinal canal, and through the bone 
substance. These venous plexuses, also known as Batson's plexus, 
communicate freely with the segmentai systemic veins and portai System. 
Because of these anastomoses and the lack of valves in these veins, 
rétrogradé flow frequently occurs and may resuit in metastatic infection, 
as well as metastatic tumors, affecting the vertébral bodies, spinal cord, 
brain, and skull. 

osteomyelitis may be a problem are those with peripheral vascu- 
lar insufficiency, which in many cases is associated with diabètes. 
In these patients, the infection usually involves the small bones of 
the feet. The etiology is frequently polymicrobial; likely suspects 
include S. aureus, Streptococcus agalactiae (group B streptococci), 
Enterococcus (group D streptococci), and gram-negative bacteria as 
well as anaérobie gram-positive cocci. 

Adults with bone infections often présent only with pain; thus, 
a diagnosis of osteomyelitis may not be obvious. As already men- 
tioned, the accompanying radiographie bone changes are easily 
misinterpreted by the radiologist as a malignant tumor (Fig. 5-7). 
The clinical diagnosis may be further confused by négative cultures 
resulting from inappropriate empirical use of antibiotics. 



FIGURE 5-7 A young woman complained of pain in the upper end of the 
tibia. A radiograph shows periosteal reaction at the junction of the upper and 
middle third of the tibia. Clinical examination of the area revealed tenderness 
and swelling; the patient's general health appeared to be good.The 
differential diagnosis was between a round cell tumor or infection. Biopsy 
and culture proved the lésion to be infective in nature. 

Néonatal Osteomyelitis 

Néonatal osteomyelitis commonly involves the joint adjacent to the 
involved bone, and is usually the resuit of hematogenous infection 
by one of three organisms: S. aureus, S. agalactiae, or Escherichia 
coli . S. agalactiae is commonly found in the vagina, and the unborn 
child presumably becomes infected during delivery. E. coli, a com- 
mon contaminant at the time of delivery, can become pathogenic in 
neonates because of the infant s immature immune System. 

In the case of S. aureus and E. coli infections, about 40% of the 
néonatal patients show polyostotic involvement (Fig. 5-8) (poly- 
ostotic involvement with osteomyelitis is extremely rare except in 



FIGURE 5-8 Polyostotic involvement in néonatal osteomyelitis. Radiograph of the lower limbs of a newborn child (A) shows widening due to marked periosteal 
reaction ail along the left fémur as well as soft tissue swelling. Radiograph of the chest (B) shows involvement of some ribs as well as the right clavicle. 
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the neonate). When Streptococcus is the causative organism, usually 
only a single bone is involved. In some cases of néonatal osteomy- 
elitis, the absence of systemic symptoms (because of immunologie 
incompétence) can delay the clinical diagnosis. 

Osteomyelitis Resulting from Direct 
Inoculation of Bacteria 

Today, acute hematogenous osteomyelitis of childhood, which used 
to be regularly seen in orthopaedic practice, is much less frequent; 
post-traumatic osteomyelitis has become a more common clinical 
problem. Post-traumatic osteomyelitis usually results from puncture 
wounds, traffic accidents, and surgery (Figs. 5-9 and 5-10). 

Most traffic accidents involve high-impact collisions causing 
compound and comminuted fractures. A significant amount of 
foreign material, including metallic débris, pièces of clothing, or 
soil, is usually found in these wounds. It is important to recog- 
nize the polymicrobial nature of the infection in accident cases. 
Staphylococcus and Streptococcus infection can be expected; in 
addition, gram-negative organisms (including Pseudomonas) are 
often présent. The most important first step when treating these 
patients is removal of ail foreign and dead matter. If this step is 
omitted, élimination of the infection becomes difficult, if not 
impossible. Potent, preferably targeted, antibiotic treatment should 
be administered for as short a period as possible. (Antibiotic sélec¬ 
tion should reflect local susceptibility patterns.) 

When osteomyelitis is a complication of a fracture, it is important 
to completely immobilize the fracture fragments because without 
immobilization, it is virtually impossible to re-establish the vascular 
supply necessary to adequately deal with the infected and inflamed 
tissues (Fig. 5-11). 

Iatrogénie infections may be a direct resuit of surgical inter¬ 
vention, associated with internai fixation of a simple or com¬ 
pound fracture, or with prosthetic joint replacement. (More than 



FIGURE 5-9 Radiograph of the left thumb of a 15-year-old boy with recent 
swelling of the first metacarpal following a penetrating injury. The radiograph 
shows patchy sclerosis and mature periosteal bone formation secondary to 
infection. (Courtesy of Dr. Alex Norman.) 



FIGURE 5-10 Radiograph of the right knee of a 13-year-old boy with a 
recent history of pain and stiffness in the knee following a fall in which 
the skin was punctured.The lytic area within the otherwise dense fémoral 
epiphysis proved at biopsy to be an abscess. (Courtesy of Dr. Alex Norman.) 


500,000 prosthetic joint replacements are performed each year in 
the United States alone.) After a total joint replacement proce¬ 
dure, infection may occur as an acute complication of the opera¬ 
tion or may présent insidiously many months (or even years) later 
(Fig. 5-12). The causative organisms commonly identified in such 



FIGURE 5-11 Photograph of a tibia amputated for an infected nonunion of a 
compound fracture of the mid-diaphysis. 
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FIGURE 5-12 Radiograph of a patient with a total knee prosthesis inserted 18 months previously (A). The patient had recently experienced increasing pain 
in the knee; evidence of osteolysis can be seen around the prosthesis, particularly in the tibial component. Such osteolysis can resuit from either infection or 
mechanical loosening. An isotope scan (B) shows intense uptake around ail of the components of the knee joint, typical of infection. Increased isotope uptake 
would also occur with prosthetic loosening; however, one would expect it to be limited to the component that had been loosened (usually, in the case of the 
knee, the tibial component) and to be focal at the sites of maximal movement of the prosthesis. 


cases are Staphylococcus (both coagulase négative and coagulase 
positive), gram-negative organisms such as Pseudomonas species 
or E. coli , and a variety of anaérobie organisms may also be found. 
Improved surgical technique and the use of hood, suit, and lami- 
nar flow hâve dramatically reduced the incidence of infection to 
less than 0.5% for both hips and knees in some institutions. (A fur- 
ther discussion of infection associated with total joint replacement 
is found in Chapter 14.) 

We hâve seen a few cases of secondary infection following 
arthroscopy, and in two of these cases, the organism was a fungus 
(one candida) and the other cryptococcus. 

In rare cases actinomycosis (Actinomyces israeli) may gain access 
to the bone through a puncture wound, and such a case is illustrated 
in Figures 5-13 and 5-14. 

Chronic Osteomyelitis 

With the mortality rate reduced to almost zéro, few people die 
from hematogenous osteomyelitis; however, between 15% and 30% 
of patients go on to develop chronic disease. Chronic osteomyeli¬ 
tis is frequently the resuit of either inadéquate antibiotic treatment 
or incomplète surgical débridement of necrotic bone. Necrotic 
bone within the affected area (the sequestrum) protects bacte- 
ria from even high levels of appropriate antibiotics. Furthermore, 
recent data implicate bacterial bio films—the formation of sessile 
microbial communities with inhérent résistance to antimicrobial 
agents—in the genesis of chronic osteomyelitis. Occasionally, bio 
films developing on dead tissue such as the séquestra of dead bone 
give rise to nonsessile colonies that may multiply rapidly and dis¬ 
perse. The biofilm acts as a nidus of infection, and acute disease 
results when host defenses cannot eliminate the released bacteria. 
Bio films associated with osteomyelitis are usually composed of 
a mixture of various bacterial and fungal species, and the disease 
is not resolved until the sessile population is surgically removed. 


Indeed, it has been known for a long time that Staphylococcus spe¬ 
cies of the same phage type as the original infecting bacteria hâve 
been isolated from patients with relapsing osteomyelitis years after 
the initial infection. 



FIGURE 5-13 Radiograph of the ankle of a middle-aged shepherd with 
a sclerotic lésion of the lower fibula which on biopsy proved to be due to 
actinomycosis. (Courtesy of Dr. Juan Roig.) 
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FIGURE 5-14 Photomicrograph of tissue obtained from a lésion similar to 
that shown in Figure 5-13 demonstrates an acute and chronic inflammatory 
reaction surrounding the typical éosinophilie 'sulfur' granules seen in 
association with actinomycosis (H&E, x 10 obj.). (Courtesy of Dr. Miguel Calvo.) 


Other complications of chronic osteomyelitis include squamous 
cell carcinoma, which, in association with a chronic fistula (Marjolin s 
ulcer), has been reported to be a late sequela of chronic osteomyeli¬ 
tis in about 1% of patients, occurring up to 30 to 40 years after the 
original infection (Fig. 5-15). Systemic amyloidosis may also be a 
complication of chronic osteomyelitis. 

Chronic Récurrent Multifocal Osteomyelitis 

Chronic récurrent multifocal osteomyelitis (CRMO) is an inflam¬ 
matory condition mimicking osteomyelitis and affecting children 
and young adults. It is characterized by the insidious onset of low- 
grade fever, local swelling, and bone pain. Radiologie findings may 
suggest osteomyelitis, and bone-seeking isotopes reveal other 
asymptomatic sites of involvement. The lésions occur mainly in the 
metaphyses of long tubular bones, as well as the clavicles, spine, 
and pelvis; the lésions are sometimes symmetrically distributed. 
Cultures are consistently négative. Consequently the suspicion of 
a round cell malignancy, especially because of periosteal new bone 
formation in the région of the clavicle, is frequently entertained 
(Fig. 5-16). 



FIGURE 5-15 A, Gross photograph of the foot and ankle in a patient with long-standing osteomyelitis. Overgrowth of partially ulcerated hyperkeratotic skin 
is seen in the area of the ankle joint. B, Sagittal section shows a draining sinus from the infected bone opening onto the ulcerated skin. There is invasion of 
firm white tissue from the skin surface into the underlying soft tissue and bone. C, Photomicrograph of the bone shows that the bone is being invaded by a 
well-differentiated epidermoid carcinoma (H&E, x 4 obj.). 
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FIGURE 5-16 A, Radiograph of a 23-year-old man who presented initially with 
and third ribs as well as in the pubis. (Courtesy of Dr. Howard Dorfman.) 

The clinical course of this obscure disease is characterized by peri- 
ods of intermittent exacerbations and improvements over a period of 
several years. Some patients hâve associated récurrent skin lésions 
(pustulosis palmoplantaris) that closely parallel the exacerbations of 
the bone lésions. Acute inflammation, with polymorphonuclear leuko¬ 
cyte prédominance, occurs in the early phases of the disease, and fibro- 
sis of the marrow with chronic inflammation occurs in later phases. 
Microscopically, the most common finding is subacute or chronic 
inflammation with a prédominance of plasma cells. Fragments of 
necrotic bone with associated multinucleated giant cell are a common 
finding (Fig. 5-17). Histologie examination does not allow distinction 
of CRMO from acute or subacute bacterial osteomyelitis. Therefore, 
microbial workup of the tissue, including polymerase chain reaction 
(PCR) techniques, is essential in order to establish the diagnosis. 

SAPHO Syndrome 

The acronym SAPHO describes a syndrome of synovitis, acné, 
pustulosis, hyperostosis, and osteitis. The syndrome bears a strong 
relationship to CRMO, and histologically, the bone lésions in 
CRMO and SAPHO show similar features. A characteristic feature 
of SAPHO seen in more than 90% of cases is peripheral arthritis. 
Treatment is dépendent on clinical symptoms. 


pain and swelling in the clavicle. B, Later he also developed lésions in the first 


Hypertrophie Pulmonary Osteoarthropathy 
(Marie-Bamberger Syndrome) 

Hypertrophie pulmonary osteoarthropathy involves the formation 
of symmetric periosteal new bone along the diaphyses of the bones 
of the appendicular skeleton. This condition is seen in association 
with both chronic inflammatory conditions and neoplastic diseases 
of the lung and, less commonly, of other organs. The classic présen¬ 
tation is an adult with complaints of arthralgia or aching bone pain, 
with or without clubbing of the fingers and toes. 

The striking radiographie feature of hypertrophie pulmonary 
osteoarthropathy is symmetric onion skin periostitis of the shafts of 
long bones, which is confined to the diaphyses but progresses proxi- 
mally. Densities in the sites of insertions of ligaments and tendons hâve 
also been noted. The patients level of sérum alkaline phosphatase may 
be elevated. Although the joints do not show significant radiographie 
change, patients may hâve painful effusions that are characteristically 
noninflammatory. The arthralgia is usually relieved by aspirin. 

On microscopie examination ofthe affectedbone, there is marked 
periosteal new bone formation. The outer layer of the perios- 
teum may show a mononuclear cell infiltrate. No endosteal bone 
déposition is seen. Sections of the clubbed finger shows no bone 
formation but increased and hypervascular soft tissue (Fig. 5-18). 



FIGURE 5-17 A, Photomicrograph of a bone biopsy obtained from the clavicle of the case illustrated in Figure 5-16 (H&E, x 4 obj.). B, At a higher power, it 
can be seen that there is marrow fibrosis as well as an infiltration of chronic inflammatory cells. As is typical in such cases, no organisms could be isolated 
(H&E, x 10 obj.). (Courtesy of Dr. Howard Dorfman.) 
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FIGURE 5-18 A, Radiograph of the forearm in a patient with carcinoma of the lung shows periosteal bone formation on both the radius and the ulna. In this 
patient, ail of the long bones demonstrated dramatic periosteal new bone. B, Photomicrograph of a biopsy of cortical bone from a patient with pulmonary 
osteoarthropathy. Note the three layers of new periosteal bone (H&E, x 4 obj.). C, Photomicrograph of a section through an affected terminal phalanx shows 
marked increased hypervascularity of the soft tissue beneath the nail bed (H&E, x 1 obj.). D, Photomicrograph of the dermis of the nail bed showing increased 
hyperemia (H&E, x 25 obj.). 


The etiology of pulmonary osteoarthropathy remains obscure. 
Treatment should be directed at the underlying disease. 

Infantile Cortical Hyperostosis (Caffey's Disease) 

Infantile cortical hyperostosis (ICH) is a disease of infants having 
an autosomal dominant trait with incomplète pénétration. The 
affected infants présent with a classic triad of hyperirritability, soft 
tissue swelling, and palpable hard masses over multiple and often 
symmetric bones. Patients may be feverish and acutely ill; the dis¬ 
ease often follows a recent upper respiratory tract infection. 

Laboratory findings in patients with ICH may include an 
increased érythrocyte sédimentation rate, anémia, and leukocyto- 
sis with a shift to the left. These findings hâve been believed to 
be highly suggestive of an infection; however, in the vast majority 
of cases, no organism has been isolated. Recent evidence suggests 
that a mutation in the alpha-1 collagen type I gene may be causal. 


Radiography reveals diffuse, usually symmetric, cortical bony 
thickening. Many bones are affected but especially the man- 
dible, clavicle, and ribs. Involvement of the long bones occurs 
less often, and the vertébral column and tubular bones of the 
hands and feet are usually spared. The radiographie features of 
ICH evolve in stages. Hyperostoses develop on the outer cor¬ 
tical surface, expand, and then remodel by résorption either at 
the external surface or at the endocortical surface. In the latter 
case, there is an expansion of the medullary cavity and the cor¬ 
tex is thin. Epiphyses and metaphyses are typically not involved. 
Tubular bones may be grossly deformed, with bony bridges 
sometimes appearing between adjacent bones (forearm, ribs). 
Microscopically such lésions include not only subperiosteal new 
lamellar bone formation but also local inflammation. Early on, 
foci of acute inflammation are confined by the periosteum; they 
then disrupt the periosteal envelope to blend with contiguous 
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FIGURE 5-19 A, Radiograph of an infant admitted to the hospital with fever and enlargement of the forearm shows extensive periosteal new bone formation 
causing enlargement of the ulna. In addition, there was thickening and widening of the seventh rib, as well as bilateral thickening of the mandible (not shown 
here). B, Histologie section of tissue affected by infantile cortical hyperostosis reveals extensive periosteal new bone formation, with vascularized fibrous tissue 
lying between the bone spiculés. Although not seen here, a scattering of chronic inflammatory cells is commonly found (H&E, x 1.25 obj.). 


tissues (fasciae, muscle, and tendon). In the subacute phase, the 
periosteum re-establishes itself as an entity with a sheet of fibrous 
tissue under which new subperiosteal bone is formed. In the late 
remodeling stage, signs of inflammation disappear, and excess 
peripheral bone is removed (Fig. 5-19). 

ICH usually follows a protracted course with several exacerba¬ 
tions and remissions, but spontaneous recovery usually occurs in a 
few months. 

Septic Arthritis 

Joint infection may be caused by hematogenous infection of the syn¬ 
ovium or décompression of contiguous osteomyelitis (Figs. 5-20 to 
5-22), or it may be a conséquence of direct inoculation of organisms 
into a joint following trauma. Septic arthritis is common in neo- 
nates and infants, affecting most commonly the hip and less com¬ 
monly the knee or ankle. The reason the hip is more commonly 
involved is because of the low attachment of the joint capsule onto 
the neck of the fémur, so that the metaphysis is intracapsular, thus 
facilitating the spread of infection into the joint. In these patients, 
severe residual growth disturbances often resuit from damage to the 
growth cartilage. For this reason, the importance of early diagnosis 
and treatment cannot be overemphasized (Fig. 5-23). Another group 
of patients particularly susceptible to developing septic arthritis are 
debilitated older adults with rheumatoid arthritis or other chronic 
inflammatory joint diseases. 

The diagnosis is established by joint aspiration, preferably assisted 
by radiologie image intensification and performed under strict anti¬ 
septie conditions. The aspirate should be sent immediately to the 
laboratory for direct smear, aérobic and anaérobie cultures, and 
antibiotic sensitivity analysis; and to increase the likelihood of bac- 
terial growth, the aspirate should be inoculated into the medium as 
soon as possible. The phenomenon of an apparently stérile infec¬ 
tion may well resuit from difficulties in recovering and growing 
the bacteria. (The hip joint, situated deep in the body, is difficult to 


examine as well as to aspirate, and therefore, the diagnosis of septic 
arthritis in this joint tends to be delayed, particularly in newborns 
and infants.) 



FIGURE 5-20 In patients with osteomyelitis, infected fluid material tracks 
through the bone to the bone surface, initially elevating the periosteum, and 
finally breaking through the periosteum into the soft tissues to drain onto 
the skin surface. In instances in which the capsule of the joint is attached 
below the growth plate (as in the hip), the infection may extend directly into 
the joint cavity, giving rise to secondary septic arthritis. 
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FIGURE 5-21 Radiograph showing an established infection in the upper tibial 
metaphysis of a 5-month-old boy with a history of a painful swelling and fever. 
Note the eccentric metaphyseal lytic defect and the periosteal reaction. Note also 
that there is no involvement of the joint, which would be expected with a similar 
lésion in the hip. (In the absence of fever, a differential diagnosis of éosinophilie 
granuloma would hâve to be considered.) (Courtesy of Dr. Alex Norman.) 

Cartilage is particularly susceptible to the action of enzymes 
released by bacteria and disintegrating inflammatory cells, and 
consequently, is rapidly destroyed in patients with septic arthritis 
(Fig. 5-24). For this reason, treatment of the disease should consist of 


immédiate surgical incision and drainage, foliowed by immobilization 
of the affected joint. Antibiotic therapy alone is usually insufficient. 

Joint Infection Following Sexually Transmîtted Disease 

Suppurative arthritis, which was once a frequent complication of 
gonorrhea, is now decidedly rare, presumably as a resuit of early and 
efficient chemotherapy. However, it is an important diagnostic alter¬ 
native to bear in mind, because the true nature of the disease is likely 
to be missed unless a careful history is taken. As with other forms of 
bacterial arthritis, the knee joints are usually the first to be affected, 
but multiple joint involvement is much more common in patients 
with gonorrhea than in those with other types of infection. Unlike 
other Neisseria, Neisseria gonorrhoeae do not grow well on sim¬ 
ple nutrient agar or at reduced température. Furthermore, they do 
not tolerate drying; thus, care should be taken to inoculate patient 
samples immediately onto the appropriate agar medium. (In recent 
years, the identification of certain infectious organisms, including 
mycobacteria, gonococcus, fungi, and viruses, has been based on 
the use of luminescent molécules that can be coupled to genetic 
probes [DNA or RNA] to detect spécifie hybridization reactions. 
The advantages of DNA-based tests over culture include more rapid 
results, equal or better sensitivity, and ease of sample taking.) 

Transient inflammatory arthritis may also be a complication of 
the acute stage of gonorrhea. Flowever, in these cases the arthritis is 
not caused by bacterial infection of the joint but rather is an immu¬ 
nologie response, often associated with a genetic prédisposition. 
A similar type of arthritis may also complicate cases of nonspecific 
urethritis and acquired immune deficiency syndrome (AIDS). 

Congénital syphilis of the bone is rare. The infantile form involves 
the metaphyses of multiple bones commonly around the knee 
(Fig. 5-25). The juvénile form is often in the form of subperiosteal 
thickening (Fig. 5-26). 

In the tertiary stage of adult syphilis, chronic necrotizing and des¬ 
tructive osteomyelitis characterized by heavy infiltration of plasma cells 
used to be a common occurrence. These lésions, referred to as gumma, 
were usually seen in the skull and the long tubular bones (Fig. 5-27). 



FIGURE 5-22 A, In this 11-year-old boy, there is marked joint space narrowing in the left hip as well as patchy osteoporosis, typical of infection in the upper 
fémoral metaphysis. A radiograph obtained 3 weeks before (B) at the time of the onset of symptoms shows no obvious changes. (Courtesy of Dr. Alex Norman.) 
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FIGURE 5-23 A, Radiograph of a 3-year-old boy with multiple sites of osteomyelitis. In the right upper fémur, the capital fémoral epiphysis and growth plate 
hâve been destroyed, leading to dislocation of the upper end of the fémur and dysplasia of the acetabulum. B, Radiograph of the deformed knee of the same 
boy at âge 6, which shows a disturbance of the growth plate of the lower fémur with focal fusion, which led eventually to marked limb shortening. (Courtesy of 
Dr. Alex Norman.) 



FIGURE 5-24 Photomicrograph of a portion of articular cartilage obtained from an 
acutely inflamed joint that shows polymorphonuclear leukocytes on the cartilage 
surface and underlying érosion and necrosis of the matrix (H&E, x 25 obj.). 


Patients with syphilis may also develop arthritis, either as a resuit 
of the extension of gummatous osteitis into a joint or as a compli¬ 
cation of congénital syphilis. (Charcots joint, a rapidly destructive 
noninfectious arthritis that frequently complicates tabes dorsalis, is 
discussed in Chapter 11.) 

Pyogénie Spondylitis 

Pyogénie osteomyelitis of the vertébral column is rare in compari- 
son with infections of the appendicular skeleton, and constitutes less 
than 1% of ail cases of osteomyelitis. The disease can be seen at any 
âge but is most common after the sixth decade. It should always be 


considered in the differential diagnosis of back pain in the elderly. As 
already mentioned, the predisposing factors include systemic uri- 
nary tract infection, diabètes, and intravenous drug abuse. The lum- 
bar spine is involved twice as frequently as the thoracic spine; the 
cervical spine is only rarely affected. This variation is probably asso- 
ciated with the source of the primary infection, as well as the route 
of infection via Batsons plexus. 

Depending on the virulence of the infectious agent, pyogénie 
spondylitis may manifest as back pain, radiculopathy, or systemic 
signs of acute infection. Usually, however, the patient présents only 
with vague localizing symptoms and general malaise. Untreated 
infection may ultimately resuit in significant deformity of the spine 
and severe neurologie déficit. 

An abscess in the vertébral body can spread posteriorly to involve 
the posterior arch and the neural canal resulting in meningitis, or may 
violate the anterior cortex and ligamentous structures to form paraver¬ 
tebral soft tissue abscesses. Retropharyngeal abscesses may arise from 
cervical infections, and an abscess in the paraspinal muscle may fol- 
low thoracic infections. In the lumbar région, an abscess in the psoas 
sheath may spread to the groin or even to the popliteal fossa. The 
adjacent vertebra is often infected by spread along the vertébral liga¬ 
ments; and in these circumstances, the intervertébral dise becomes 
sequestrated and may eventually be destroyed (Figs. 5-28 and 5-29). 

RADIOGRAPHIC DIAGNOSIS 

Morphologie changes in individuals with infectious disease cannot 
be demonstrated on radiographs until the disease is well established, 
that is, significant bone destruction has occurred, and there is reac¬ 
tive new bone formation. Such difficulties in radiologie diagnosis 
hâve been partly solved by other imaging modalities, permitting ear- 
lier détection of osteomyelitic foci. For example in the early stages of 
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FIGURE 5-25 A, A specimen radiograph of the lower end of the fémur in an infant born with congénital syphilis. Note the linear area of sclerosis and adjacent 
lucency in the metaphysis above the région of the growth plate. B, A section through the upper tibia reflects the radiographie findings in A (H&E, x 1 obj.). 

C, Photomicrograph to show fracture and hémorrhagie granulation tissue in the metaphysis (H&E, x 4 obj.). 



FIGURE 5-26 Photomicrograph showing severe periostitis with fibrosis and 
chronic inflammation secondary to syphilitic infection (H&E, x 1 obj.). 


osteomyelitis and septic arthritis, changes can usually be observed 
with magnetic résonance imaging (Fig. 5-30). 

In clinical studies, radionuclide uptake has been shown to occur in 
a sizable percentage of cases 10 to 14 days before changes are évident 
on radiographs. (Of the many radioactive substances used, techne¬ 
tium polyphosphates appear to produce the best results [Fig. 5-31].) 
Despite its usefulness, radionuclide imaging has important limita¬ 
tions. First, in some patients multiple ‘hot spots' are detected in the 
bones at an early stage of S. aureus septicemia, but these spots' do 
not necessarily progress to clinical osteomyelitis. (It is not known 
whether these areas represent false-positive results or aborted bone 
infection.) Second, experimental and clinical studies hâve docu- 
mented rare cases of osteomyelitis that hâve been confirmed by 



FIGURE 5-27 Photograph of a cranium showing thinning and fenestration of 
the frontal bone, in this case secondary to a syphilitic gumma. 


bactériologie and histologie studies, even though bone scans were 
initially négative. (This phenomenon may be explained by impaired 
blood supply to or infarction of the infected area.) Third, techne¬ 
tium polyphosphate bone scanning performed after fracture or bone 
surgery does not differentiate bone repair from bone infection. 
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FIGURE 5-28 Photograph of sagittal section through the thoracolumbar spine 
of a patient with pyogénie spondylitis, showing involvement of several vertébral 
segments. Mild kyphotic deformity is apparent. Note the complété destruction 
of the dise by the disease process. (Courtesy of Dr. Krishnan K. Unni.) 

BACTERIOLOGIC DIAGNOSIS 

The conclusive diagnosis of septic arthritis or osteomyelitis dépends 
on the isolation of the pathogen from the lésion or from blood 
cultures (Fig. 5-32). Because the blood culture may be positive 


only in about 50% of patients with acute, untreated hematogenous 
osteomyelitis, when blood culture has been négative in patients 
for whom osteomyelitis is a likely diagnosis on the basis of clinical 
data, direct bone aspiration or surgical biopsy should be carried 
out. The importance of immédiate inoculation into the medium 
of the material suspected of being infected cannot be overempha- 
sized. Delay in getting the material from the operating room to 
the microbiology laboratory, and consequently, in plating out and 
inoculating medium from swabs and tissue obtained from the dis- 
eased area, may lead to a reduced number of viable organisms and, 
therefore, to a false-negative culture. 

MORBID ANATOMY OF OSTEOMYELITIS 

The presence of bacteria in a bone does not necessarily lead 
to osteomyelitis. Also, it is generally believed that trauma is an 
important associated prerequisite, perhaps because it produces 
venostasis or thrombosis and thus provides a nidus for bacterial 
growth. 

As with most infections, the clinical course of bone infection 
dépends on the interaction between the injurious agent and the host 
tissue. In other words, the severity of the disease in a patient with 
osteomyelitis dépends on the virulence of the infecting organism, 
the site of infection, and the patients âge and general health. 

The initial local response to infection with pyogénie bacteria is 
acute inflammation, resulting in production of a fluid exudate con- 
taining polymorphonuclear leukocytes (neutrophils) and fibrin 
(Figs. 5-33 and 5-34). Continuing exudation raises the local tissue 
pressure, and because the bone is unable to expand, this pressure 
cannot be relieved by swelling, as is possible in most tissues. Instead, 
the only potential space—the vascular space—is compromised, lead- 
ing to widespread bone death (Fig. 5-35). Indeed, the major clinical 
problem in treating patients with osteomyelitis is the extent of the 
osteonecrosis, which interfères with the access of antibiotics. 



FIGURE 5-29 A, Radiograph of the lumbar spine of a 55-year-old woman demonstrates the typical appearance of established late-stage septic spondylitis, 
which in this case was due to Escherichia coli secondary to genitourinary infection. There is destruction of the adjacent vertébral end plates of L3 and L4 with 
some bone sclerosis. A radiograph taken 2 months prior (B) shows no obvious evidence of disease. 
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FIGURE 5-29—CONT'D C, Photomicrograph of tissue obtained from the spine showing fragmented bone, granulation tissue, and chronic inflammation (H&E, 
x 4 obj.). D, Photomicrograph of a portion of the cartilaginous vertébral end plate being destroyed by chronic inflamed granulation tissue (H&E, x 4 obj.). 

(A&B courtesy of Dr. Alex Norman.) 
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FIGURE 5-30 Magnetic résonance image showing 
a well-defined area of increased signal intensity 
in the medullary space of the midshaft of the 
fémur, representing osteomyelitis in this intravenous 
drug abuser. There are soft tissue inflammatory 
changes with multiple small abscesses adjacent to 
the fémur. 



FIGURE 5-31 Radiograph of the shoulder in a patient with fever and pain and tenderness at the upper end of the humérus (A). Although some osteolysis may 
be présent, it is difficult to define a lésion. No obvious periosteal reaction has occurred. However, in the isotope scan, intense uptake of radioactive isotope is 
évident at the upper end of the humérus (B). (A scan frequently demonstrates the presence of osteomyelitis before any changes are évident on radiographs.) 
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FIGURE 5-32 A, Colonies of Staphylococcus aureus are illuminated to show their color and growth characteristics on blood agar. B,Transilluminated to show 
hemolysis of the blood agar plate around each colony. 



FIGURE 5-33 Photomicrograph to illustrate the acute phase of 
osteomyelitis.The marrow space is filled with acute inflammatory cells but 
no obvious bone destruction or necrosis is yet évident (H&E, x 10 obj.). 



FIGURE 5-34 Photomicrograph of biopsy tissue from a case of 
osteomyelitis at a slightly later stage than in Figure 5-33 demonstrates a 
polymorphonuclear leukocyte infiltrate with focal areas of fibrinous exudate. 
The bone is necrotic and shows focal surface érosion secondary to enzymatic 
digestion (H&E, x 25 obj.). 
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FIGURE 5-35 Photomicrograph demonstrates an area of necrotic bone surrounded by an acute inflammatory exudate (pus). A focus of necrotic bone such 
as this allows the séquestration of bacteria, and unless it is surgically removed, antibiotic therapy may not prevent the development of chronic relapsing 
osteomyelitis (H&E, x 4 obj.). 
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FIGURE 5-36 As illustrated in this diagram, increased pressure in the 
medullary cavity eventually results in extension of the inflammatory 
exudate through the haversian Systems of the cortex and beneath the 
periosteum.The elevated periosteum will lay down a sleeve of new bone 
(the involucrum) around the infected bone (the sequestrum) segment. In 
children, this reaction is likely to be prominent; in adults, it is much less so. 


In the natural course of events, the exudate is forced through the 
medullary canal and the haversian Systems of the cortical bone to 
the bone surface. In children, the cortex is thin and the periosteum 
only loosely attached, so it is easily elevated (Fig. 5-36). New bone 
from the cambium layer of the periosteum produces a sleeve of 
reactive bone (the involucrum) around the affected bone segment. 
In very young children, the involucrum may be massive (Fig. 5-37). 
In adults (because the periosteum is firmly attached to the corti¬ 
cal bone), the periosteal élévation and new bone formation may be 
minimal. 

In children, the necrotic medullary bone becomes isolated within 
a large cavity and is referred to as the sequestrum (Fig. 5-38). The 
sequestrum may consist of a mere wafer of cortex, the devascular- 
ized cancellous bone having been absorbed, or it may be a large 
piece of bone or many small pièces. In adults, a large involucrum 
and the associated sequestrum formation are much less common. In 
untreated cases, the pus frequently extends beyond the confines of 
the periosteum into the soft tissue and ultimately through the skin, 
forming a draining sinus (Fig. 5-39). 

The extent of the bone affected varies from patient to patient. 
When the entire diaphysis is surrounded by pus, it becomes 
completely necrotic. If only a small area is devascularized, the 
affected area may be gradually resorbed and an abscess (Brodies 
abscess) will form (Fig. 5-40). The radiographie differential diagno- 
sis of Brodies abscess might include osteoid osteoma, éosinophilie 
granuloma, and malignant small cell tumors (Fig. 5-41). 

In most patients, bone infection does not resuit in localized 
abscesses because necrotic bone undergoes résorption only when 
there are viable marrow cells to secrete the necessary enzymes and 
provide active osteoclast phagocytosis. 



FIGURE 5-37 Gross photograph of a fémur from a young calf with 
osteomyelitis of the fémur. The periosteal reaction has resulted in an 
extensive sleeve of new bone (the involucrum) that surrounds the necrotic, 
partially destroyed diaphysis of the fémur (the sequestrum). 



FIGURE 5-38 Gross photograph of a sequestrum removed from a patient 
with chronic osteomyelitis of the fémur. It is important to remove such a 
focus of dead bone from an individual with osteomyelitis if persistent chronic 
infection is to be avoided. 

Osteomyelitis often complicates those diseases that resuit in vas- 
cular insufficiency such as sickle cell anémia, in which patients often 
expérience repeated bone infections (Fig. 5-42). In almost ail cases, 
the infecting organisms are gram-negative rods, most commonly 
Salmonella (approximately 80%). Flowever, gram-positive bacteria, 
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FIGURE 5-39 Photomicrograph of a toe removed from a diabetic patient 
who had developed osteomyelitis.The inflammatory response has led to 
destruction of the bone and the distal interphalangeal joint (H&E, x 1 obj.). 



FIGURE 5-40 Photomicrograph of a cortical abscess, excised from the 
fémoral neck of a 12-year-old boy, which was mistaken clinically and 
radiographically for an osteoid osteoma (H&E, x 1 obj.). 


particularly S . aureus , are also routinely found in these patients. 
Because the presenting symptoms in individuals with sickle cell 
disease are often insidious and mimic those of marrow crisis, early 
blood culture is recommended. Presumptive antibiotic therapy 
should include agents active against Salmonella species. (It should 
be noted that not ail instances of Salmonella osteomyelitis are 
encountered in patients with sickle cell disease [Fig. 5-43].) 

Two other bone diseases that may be complicated by ischemia 
and infection are Gauchers disease and osteopetrosis. In patients 
with Gauchers disease, osteomyelitis sometimes follows a biopsy 
procedure. Therefore, if biopsy is performed on such patients the 
strictest asepsis is necessary and antibiotic coverage should be con- 
sidered. In patients with osteopetrosis, the jaw is often affected, 
probably via tooth infections. 



FIGURE 5-41 Radiograph that shows a bone abscess in the upper fémoral 
shaft of a 33-year-old man demonstrating massive bone sclerosis and mature 
periosteal bone formation. The lack of central calcification in the lytic area 
together with the âge of the patient make a diagnosis of osteoid osteoma 
less likely. (Courtesy of Dr. Alex Norman.) 



FIGURE 5-42 Radiograph of the arm in a patient with sickle cell disease 
shows permeative bone destruction of the humérus, with involucrum 
formation and extensive séquestration. At surgery, these complications were 
shown to be due to infection. 
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FIGURE 5-43 Radiograph of a middle-aged woman who was in good general 
health except for pain in the right ankle.The x-ray study was interpreted as 
being most consistent with a giant cell tumor. Biopsy proved the lésion to be 
inflammatory, and Salmonella typhosa was isolated by culture. 


Granulomatous Inflammation of Bones 
and Joints 


MYCOBACTERIAL INFECTION (TUBERCULOSIS) 

Clinical Considérations 

Approximately 1% of patients with granulomatous inflammation (i.e., 
inflammation characterized by discrète nodules of chronic inflam¬ 
matory cells and giant cells) develop musculoskeletal complications 
and the most common site of skeletal involvement is the spine; this is 
because the most common primary foci of tuberculosis are in the lungs 


and bowel. Before the advent of modem chemotherapy and before 
the élimination of bovine tuberculosis in most of the western world, 
bone and joint tuberculosis was one of the most common indications 
for admission to an orthopaedic service. In less developed countries, 
this is still the case. However, in developed countries, tuberculosis has 
become unusual enough that there is a real risk that it may often remain 
clinically undetected and the true nature of the disease becomes appar¬ 
ent only after the pathologist has examined the tissue. 

There is increased risk for mycobacterial infection in individu- 
als with chronic debilitating conditions including narcotic addicts, 
therapeutically immunosuppressed patients, and those with AIDS. 
In patients with AIDS, miliary mycobacterial disease may présent 
as an acute febrile illness. However, in most patients, the onset of 
symptoms is likely to be insidious and includes local pain as well as 
systemic signs of chronic debilitating illness. 

Osseous disease is caused by metastatic spread of the myco- 
bacterium from elsewhere in the body, usually from the lungs; in 
most patients, bony foci of infection coexist with arthritis, and mul¬ 
tiple skeletal lésions are not uncommon. Skeletal manifestation of 
infection most often occurs in the spine (Figs. 5-44 and 5-45); the 
next most commonly affected area is the hip (Figs. 5-46 and 5-47), 
followed by the knee (Fig. 5-48). However, any joint may be involved, 
including those of the hand. 

In general, osseous disease is most common in patients younger 
than the âge of 25 years and both sexes are equally affected. The 
spine and hip are more commonly affected in children, and the knee 
is more common in adults. 

In 1779, Percival Pott described the clinical présentation of para- 
plegia associated with the characteristic gibbus formation that bears 
his name, and the lower thoracic spine is the most frequent site of 
tuberculous spondylitis, with involvement of several vertébral bodies 
in more than 50% of cases. The disease often begins in one vertébral 
body and spreads underneath the spinal ligaments to affect other ver- 
tebrae. In untreated patients, this course of events eventually leads to 
vertébral collapse and angulation of the vertébral column (Fig. 5-49). 



FIGURE 5-44 Anteroposterior radiograph of the spine (A) shows narrowing and destruction of the intervertébral dise at the level of Tl 1—Tl 2. Note also the 
paravertebral soft tissue swelling. In the latéral radiograph (B), destructive bone disease is seen anteriorly in the 11th and 12th thoracic vertebrae.This lésion 
was proved to be due to tuberculosis. 
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FIGURE 5-45 Gross photograph of a portion of the spine removed at 
necropsy from a patient with tuberculosis reveals destruction of the 
intervertébral dise space and contiguous bone, and the presence of a cheesy 
necrotic tissue (caséation necrosis).The caseating tissue extends into the soft 
tissue on either side of the spinal column. 



FIGURE 5-46 Radiograph of a patient with longstanding pain and limitation 
of motion in the right hip. Destructive joint disease with involvement 
of the bone is évident in both the fémoral head and the acetabulum. In 
addition, a dislocation of the fémoral neck has occurred.These are common 
manifestations of tuberculosis. 


At the time of présentation, the patient with tuberculous spon- 
dylitis may hâve radiculopathy caused by compression of the spinal 
cord or nerve roots. The disease may also spread to the méningés, 
with subséquent tuberculous meningitis. 

As described by Pott, paraplegia was the most serious complica¬ 
tion before the advent of antibiotic therapy. Paraplegia is caused by 
extension of the disease process into the péridural space with résul¬ 
tant pressure on the cord. (This may be accentuated by the mechan- 
ical pressure associated with bone deformity and dislocation of 
affected segments may lead to sudden paraplegia.) 

Because the initial lésion is most often seen in the lower tho- 
racic spine, the psoas muscle sheath is frequently involved in the 



FIGURE 5-47 Macerated bone specimen obtained at necropsy demonstrates 
destructive disease of the hip joint in a patient with tuberculosis. Total 
destruction of the fémoral head has occurred, with only a stump of the 
fémoral neck remaining attached to the shaft of the fémur. 



FIGURE 5-48 Radiograph of the knees in a child complaining of pain, 
swelling, and limitation of motion in the right knee. Note the narrowing 
of the joint, resulting from the destruction of cartilage and bone, that is 
évident in the right knee (the destruction is particularly obvious at the 
margins of the joint). In addition to the destructive changes, the radiograph 
also shows marked soft-tissue swelling. These changes were caused by 
tuberculosis. 


process. Patients may présent with a fluctuant swelling, or cold 
abscess, in the groin or elsewhere as the resuit of tracking of the 
infected material from the paraspinal area. 

Radiographie Findings 

Radiographie examination of an involved joint shows osteopenia 
and soft tissue swelling early in the disease. These changes are fol- 
lowed by marginal érosion of the bone and destruction of the sub- 
chondral bone, with narrowing of the joint space. 
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FIGURE 5-49 Macerated specimen of spine removed at autopsy from a 
patient with chronic tuberculosis. In addition to extensive bone destruction, 
severe kyphosis and fusion of several vertébral bodies are seen. 



FIGURE 5-51 Schematic drawing showing three possible locations of the 
primary focus of tuberculosis infection in the vertébral body. Each results in a 
characteristic radiographie présentation. 


In non-weight-bearing joints such as the shoulder, but also 
occasionally in the knee joint, subchondral lysis may occur with- 
out obvious joint destruction and narrowing. In such cases, which 
are sometimes referred to as caries sicca, the lésion may mimic a 
tumor radiographically, and so, in the shoulder, may be mistaken for 
a chondroblastoma (Fig. 5-50). 



FIGURE 5-50 Radiograph showing a well-defined lytic lésion in the outer 
aspect of the humerai head, which encroaches upon both the epiphysis and 
metaphysis.This lésion proved on biopsy to be due to tuberculosis (caries sicca). 


In the spine, radiographie examination may show focal bony 
destruction with dise involvement and vertébral collapse. Unlike 
pyogénie osteomyelitis, reactive new bone and hypertrophied 
osteophyte around the infected focus are not common. 

The primary granulomatous abscess may be located in the ver¬ 
tébral body either anteriorly, paradiscally, or centrally, giving rise to 
three characteristic radiographie présentations (Fig. 5-51). 

The anterior lésion, which accounts for approximately 20% of 
cases, usually leads to cortical bone destruction under the anterior 
longitudinal ligament. As the ligament lifts off the vertébral margin, 
infection spreads to the adjacent vertébral segment. 

The paradiscal lésion, which accounts for over half of the cases, 
begins in the vertébral metaphysis and erodes through the car- 
tilaginous end plate, extending around and sequestrating the dise 
to extend into the adjacent vertebra. Disc space narrowing, bone 
destruction with subséquent kyphotic deformity, and eventual inter¬ 
vertébral body fusion occur, usually after 1 to 2 years. 

The central lésion, which accounts for the remaining cases, begins 
in the mid-portion of the vertébral body. It then spreads to involve 
the entire vertébral body, leading to vertébral collapse and usually to 
pronounced gibbus deformity (Fig. 5-52). 

Pathologie Findings 

Gross examination of the areas affected by tuberculosis is likely to 
show thickened edematous tissue, frequently studded with small 
grayish nodules, sometimes with white opaque centers (granulomas). 
These granulomas often become confluent and produce larger areas of 
white necrotic material, often called caséation (or cheesy) necrosis. In 
a joint séparation of the articular cartilage, dissected from the under- 
lying bone by granulomatous tissue, is a characteristic feature. In the 
later stages of untreated disease, ankylosis is a frequent complication. 

On microscopie examination, the typical granuloma (Figs. 5-53 
and 5-54) consists of a central necrotic area surrounded by pale his¬ 
tiocytes, sometimes referred to as epithelioid cells. Among the epi- 
thelioid cells are some scattered giant cells, the nuclei of which are 




















130 SECTION II RESPONSETO INJURY 



FIGURE 5-52 A, Frontal section through the thoracolumbar spine of a 67-year-old man. There is complété collapse of L3 secondary to tuberculosis, which 
initially involved the mid-portion of the vertébral body. B, Specimen radiograph. 



FIGURE 5-53 Photomicrograph of granulomatous tissue obtained from 
the synovium of a knee joint in a patient with tuberculosis. Many focal 
giant cells, nodular collections of histiocytes, and an infiltration of chronic 
inflammatory cells are présent. In this section, caséation necrosis is not 
présent (H&E, x 4 obj.). 

typically arranged at the margin of the cell (Langerhans’ giant cells). 
At the periphery of the tubercle is a rim of mixed chronic inflamma¬ 
tory cells. Often the granulomas are confluent, resulting in extensive 
central caséation necrosis. The acid-fast bacilli (AFB) can be dem- 
onstrated with the Ziehl-Neelsen stain, and are characteristically 
seen in the giant cells and at the margin of the caseous area. 

ATYPICAL MYCOBACTERIAL DISEASE 

Patients who are severely immunocompromised, in particular 
those with advanced human immunodeficiency virus (HIV) infec¬ 
tion, are at risk for disseminated mycobacterial disease, usually 
Mycobacterium avium complex (Fig. 5-55). Bone infection in these 
patients, as in others with severe immunodeficiency diseases, can be 



FIGURE 5-54 Photomicrograph showing the typical appearance of the 
giant cells in tuberculosis, with peripherally arranged nuclei - the so-called 
Langerhans' giant cells (H&E, x 10 obj.). 

difficult to detect because local redness and swelling may be absent 
and the patient afebrile. Typical granulomas are often absent and 
microscopically, only large numbers of histiocytes with admixed 
acute and chronic inflammatory cells may be présent. However, 
acid-fast staining reveals large numbers of intracellular mycobacte- 
ria—many more than are seen in a patient with the typical présen¬ 
tation of tuberculosis (Fig. 5-56). In general, diagnosis dépends on 
imaging techniques in conjunction with careful clinical assessment. 

In addition to M. avium-intracellulare , nontuberculous mycobacteria 
causing osteoarticular infections include Mycobacteriumfortuitum group, 
Mycobacterium marinum , Mycobacterium kansasii , Mycobacterium 
abscessus, and Mycobacterium chelonae . Ail nontuberculous mycobacte¬ 
ria are ubiquitous in the environment (soil, water, animais, and birds), and 
although they are generally less pathogenic than Mycobacterium tubercu¬ 
losis , they do cause a variety of infections. Notably though, as with most 
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FIGURE 5-55 A, Six-year-old Amazon parrot with a 4-month history of weight loss, weakness, and an enlarged liver. B, Autopsy revealed multiple granulomas 
throughout the bone marrow and peritoneal and pleural cavities. C ; The tissue shows innumerable acid-fast bacilli of avian tuberculosis. (Courtesy of Dr. S.K. Liu.) 





FIGURE 5-56 A, Photomicrograph of tissue obtained from a periarticular abscess in a middle-aged man who had rénal transplantation and immunosuppressive 
therapy. Microscopically there is a heavy infiltration of acute inflammatory cells with many admixed large histiocytic cells. No granulomas are recognized 
(H&E, x 10 obj.). B, An acid-fast bacilli stain shows an abundance of organisms, mostly intracellular.This is a typical microscopie présentation for atypical 
mycobacterial infection (Ziehl-Neelsen, x 50 obj.). 


infecting microbes, the intrinsic virulence of mycobacterial species is not 
the sole factor determining clinical outcome. The genetic background as 
well as the immune status of the infected individual play an important 
rôle in the expression of mycobacterial disease. 

Nontuberculosis mycobacteria can cause a variety of chronic gran- 
ulomatous infections affecting tendon sheaths, bursae, bones, and 
joints after direct inoculation through accidentai trauma, surgical 


incision, puncture wounds, or injections. Not surprisingly then, there 
hâve been a number of recent reports of acupuncture mycobacteriosis 
due to M. chelonae, an organism commonly colonizing instruments 
or growing in contaminated water and difficult to kill with regular 
cleaning and disinfection methods. An association may not be made 
between the inoculating procedure (i.e., acupuncture) and the clinical 
illness because the infection has such a long incubation period. 
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FIGURE 5-57 A healthy 60-year-old man injured his hand and arm while sailing through a hurricane. A month after the injury, he developed swelling of his third 
finger.The swelling was treated with steroids, and thereafter, he developed nodules in the hand and forearm. A, Magnetic résonance imaging scan of the third finger. 

B, Photomicrograph of synovial tissue removed from the hand reveals granulomatous inflammation (H&E, x 4 obj.). C, Photomicrograph of bacteria from the culture 
reveals tuberculosis marinum (Ziehl-Neelsen, x 100 obj.). D, Photograph shows the culture characteristic of Mycobacterium marinum and Mycobacterium tuberculosis. 


Osteomyelitis may also follow infection with M. marinum , a 
common aquatic organism. The bacteria are inoculated into trau- 
matized skin, often by a fish hook, exposed to contaminated water 
(or fish). Clinical disease typically begins with small papules that 
become suppurative. Infection, which can take up to 4 weeks to 
develop, is usually localized to distal portions of the upper extrem- 
ities and may résolve spontaneously (Fig. 5-57). However, dis¬ 
sémination to bursa, joints, and bone has been reported in both 
immunocompétent and immunocompromised people. M. mari¬ 
num infection can easily be misdiagnosed as goût, rheumatoid 
arthritis, tendinitis, or stérile abscesses. Antibiotic therapy can 
prove difficult because the organism is résistant to many conven- 
tional antimicrobial agents. 

Management of nontuberculosis mycobacterial bone and joint 
infections always require surgical débridement. Drug therapy for 
spécifie pathogens is also essential. Identification of the organisms 
increasingly focuses on rapid diagnostic Systems (including high- 
performance liquid chromatography, PCR, and genetic probes). 

SARCOIDOSIS 

About 10% of patients with sarcoidosis hâve an épisode of joint 
involvement. In most cases, this is a migratory acute polyarticular 
disease, often symmetric and of only a few weeks’ duration. Hilar 
lymphadenopathy and erythema nodosum are frequently associated. 


In a small number of patients, a chronic granulomatous arthritis 
may présent in a large joint and is generally monoarticular. The lésion 
is most likely to be mistaken for tuberculosis (Fig. 5-58). Flowever, cer¬ 
tain histologie features help to distinguish sarcoidosis from tuberculosis: 
the formation of well-delineated tight granulomas; the lack of caséation 
necrosis; the increased prominence of large, pale epithelioid cells with 
fewer chronic inflammatory cells; and the absence of AFB. (With regard 
to the last point, it should be noted that it is frequently difficult to dem- 
onstrate AFB in patients with bone and joint tuberculosis. In any individ- 
ual suspected of having granulomatous tissue, smears should be taken 
for direct examination, and cultures for tuberculosis, brucellosis, fungus, 
and atypical mycobacteria should be prepared. In general, a firm diagno- 
sis can be made only when positive cultures hâve been obtained.) 

About 5% of patients with early acute or subacute sarcoidosis 
are found to hâve asymptomatic bone changes on routine radiog- 
raphy of the hands, feet, and occasionally in other bones (Figs. 5-59 
and 5-60). The most common clinical finding in sarcoid dactylitis 
is soft tissue swelling over the affected digits, with tenderness and 
stiffness of the adjacent joints; the overlying skin may be erythema- 
tous. When the terminal phalanges are involved, the nails may show 
thickening and ridging. In severe cases, the affected bones may be 
completely resorbed, leading to Virtual disappearance of the pha¬ 
langes, sometimes complicated by pathologie fractures and marked 
deformity. Rare cases of sarcoid présent primarily as multiple bone 
lésions (Figs. 5-61 and 5-62). 
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FIGURE 5-58 A, Radiograph of a 25-year-old female dancer with symptoms in the knee associated with problems with the tracking of the patella. On 
physical examination, synovial fullness was apparent. At operation (B), early arthritic changes were observed in the patellofemoral joints, together with a 
boggy synovitis. C ; The noncaseating character of the granulomas can be seen in this photomicrograph. Note also the lack of lymphocytic cuffing of the 
granulomas.The rarity of sarcoidosis in large joints is likely to resuit in misinterpretation of the lésion as some other form of granulomatous inflammation, 
as was the case in this patient, who was treated with antitubercular drugs for 18 months without improvement until the correct diagnosis of sarcoidosis was 
made (H&E, x 25 obj.). 


MYCOTIC INFECTIONS 

As with tuberculosis infections, fungal infections are likely to be seen 
more frequently in debilitated patients, especially immunocompro- 
mised individuals. The spine, as well as other bones and joints, can 
be affected by mycotic infections, with the lung being the usual por¬ 
tai of entry. The radiographie and pathologie features are similar to 
those of tuberculosis. For this reason, when granulomatous infection 
is found or suspected, it is important to make direct smears and to 
préparé cultures not only for acid-fast organisms but also for fungi. 
Common fungal conditions that hâve been found to be responsible 
for granulomatous infections include blastomycosis, coccidioidomy- 
cosis, cryptococcosis, candidiasis, and sporotrichosis. 

Blastomycosis 

Blastomycosis is endemic in the southeastern and south central States of 
the United States, as well as Canadian provinces that border the Great 
Lakes. Blastomyces dermatitidis is the asexual stage of Ajellomyces 


dermatitidis. Blastomyces dermatitidis is dimorphic—growing as 
a mycelial form at room température and transforming into a yeast 
form at 37 ° C. Initial infection is through the lungs and generally sub- 
clinical. The organism may be carried throughout the body via blood, 
culminating in disease with protean manifestations. The most com¬ 
mon skeletal sites are the vertebrae, ribs, tibia, and the tarsal and car- 
pal bones. Vertébral disease is easily confused with tuberculosis, with 
anterior involvement of the vertébral body, interspace destruction, and 
development of large paraspinous abscesses. Therefore, if the verte¬ 
brae are involved, radiographie différentiation from tuberculous spon- 
dylitis can be difficult (Fig. 5-63). Microscopie examination of a stained 
smear of sputum, pleural fluid, or pus from the affected part will reveal 
the characteristic thick-walled, budding yeast cells. 

Coccidioidomycosis 

Coccidioidomycosis, also known as San Joaquin Valley fever, is 
caused by the fungus Coccidioides immitis . There is a high inci¬ 
dence of this disease in the arid southwestern United States. The 
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FIGURE 5-59 Radiograph of the hand in a patient with sarcoidosis 
demonstrates the two types of lésions that can be seen in this condition. 
Punched-out cortical érosions, some with obvious overlying soft tissue 
lésions, are évident at the distal end of the proximal phalanx in the index, 
middle, and ring fingers. In the thumb is a central lytic lésion of the proximal 
phalanx, similar in appearance to the lésions of dactylitis tuberculosa seen in 
young adults. 

bone lésions are usually lytic, with indiscriminate involvement and 
destruction of vertébral bodies, neural arches, and even contiguous 
ribs. Late changes of vertébral collapse may render différentiation 
from tuberculous spondylitis difficult (Figs. 5-64 and 5-65). 


Cryptococcosis 

Skeletal cryptococcosis often occurs secondary to cases of chronic 
meningoencephalitis caused by Cryptococcus neoformans . The pel- 
vis, fémur, spine, and tibia are among the most common sites of 
involvement. Patients usually présent with pain, swelling, and tender- 
ness over the affected part. Radiographically, these lésions présent as 
radiolucencies with or without local subperiosteal new bone forma¬ 
tion. Histologically, the lésions reveal granulation tissue containing 
multinuclear giant cells, lymphocytes, and histiocytes. The presence 
of the yeast-like cryptococci may be demonstrated by periodic acid- 
Schiff (PAS) and Gomori methenamine-silver (GMS) stains. 

Other Fungal Infections 

Sporotrichosis infection may resuit from the direct contamination 
of a joint by a puncture wound from the thorn of a contaminated 
plant (often a rose). 

Very rarely, other molds found in soil may resuit in infection. In 
Figure 5-66, a patient with a 1-year history of a discrète swelling in the 
finger was diagnosed clinically and radiographically as a neoplasm, 
which was possibly malignant. The lésion turned out to be inflamma- 
tory, and the rare organism Exophiala jeanselmei was cultured. 

Immunocompromised patients with long-term indwelling intra- 
venous cathéters (e.g., for parentéral nutrition) occasionally develop 
bone and joint infections due to Candida or Aspergillus. 

Because blood cultures are most likely to be négative, biopsy may 
be necessary for diagnosis of fungal infections. 

PARASITIC INFECTIONS 
Echinococcal Cysts 

Echinococcal cyst (hydatid cysts) are commonly seen in the bones 
of patients from sheep-raising countries in which the disease is 
endemic (Spain, Greece, and the Middle East). The cyst is often seen 
initially at the epiphyseal end of the bone, usually affecting the spon- 
giosa because localization is dépendent on hematogenous dissémi¬ 
nation. It should be noted that hydatid echinococcosis developing 



FIGURE 5-60 A 52-year-old woman with pleuritic pain showed on x-ray examination (A) lytic lésion in the 5th and 7th ribs. Biopsy (B) revealed granulomatous 
inflammation consistent with sarcoidosis (H&E, x 10 obj.). 
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FIGURE 5-61 A 31-year-old man presented with history of headache. A and B, Computed tomography scan of the skull shown here revealed numerous lytic 
defects in the calvarium. C ; A biopsy of one of the lésions in the skull revealed histiocytic and giant cell granuloma (H&E, x 25 obj.). 



FIGURE 5-62 A, Anteroposterior radiograph of a 55-year-old female with multiple sclerotic lésions of the pelvis. B, Computed tomography scan of the same 
patient. Biopsy proved the lésions to be sarcoidosis. 


intraosseously does not resemble the classic unilocular hydatid of 
soft tissue. Rather, it is usually a multiloculated lésion, with an irregu- 
lar outline that can be easily confused with a tumor on radiographs. 
This is because the résistance offered by the osseous tissue causes the 
larva to develop by exogenous budding, resulting in the presence of 


many small cysts growing outside the original focus of implantation. 
Scolices rarely develop in these cysts, and therefore, they are usually 
stérile. Only when the cyst erupts to the surrounding soft tissue does 
the lésion assume the more conventional large unilocular appearance 
(Figs. 5-67 and 5-68). 
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FIGURE 5-63 Anteroposterior (A) and latéral 
(B) radiographs of the thoracic spine demonstrate multiple 
destructive lésions involving several vertébral bodies, some 
of which are partially collapsed. Biopsy proved this to be 
due to blastomycosis. 





FIGURE 5-64 Radiograph of the knee of a 60-year-old man complaining 
of mild pain for a few months.The film shows a poorly defined lytic lésion 
extending from the articular surface of the tibia into the diaphysis.The 
cortex appears intact. Biopsy proved this to be the resuit of infection with 
coccidioidomycosis. (Courtesy of Dr. A. Roessner.) 


FIGURE 5-65 A, Low-power photomicrograph of tissue obtained from a 
patient with chronic spinal disease resulting from infection with Coccidioides 
immitis. The marrow space is infiltrated by chronic inflammatory tissue 
(H&E, x 4 obj.). B, High-power view of the same tissue reveals two rounded, 
thick-walled fungal organisms containing endospores (H&E, x 100 obj.). 






FIGURE 5-66 A, Magnetic résonance imaging (MRI) scan of a well-demarcated lésion on the volar surface of the middle finger présent for 1 year in a 38-year- 
old woman. B, Sectional MRI scan shows well-defined lésion with a heterogenous signal. C, Photomicrograph of the resected tissue reveals acutely inflamed 
histiocytic tissue (H&E, x 10 obj.). D, Photomicrograph of tissue stained with periodic acid-Schiff stain reveals septated hyphae (x 50 obj.). E, Cultured colony 
of Exophiala jeanselmei. 




FIGURE 5-67 A, Gross photograph of the upper end of a fémur removed at necropsy from a patient with hydatid disease.The medullary cavity is filled with 
glistening white nodular tissue, which on doser examination, was made up of fibrous walled cysts. B, Radiograph of the same specimen shows a multiloculated 
lytic appearance and irregular thinning of the cortices. In those parts of the world where the occurrence of hydatid disease is rare, such radiographie findings 
will probably be interpreted by the radiologist as a tumor. C, Gross photograph of the many small cysts that are characteristic of echinococcal infestation of the 
bone. D, Photomicrograph of material removed from a hydatid cyst reveals a scolex with hooklets (H&E, x 100 obj.). 
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FIGURE 5-68 A, A 60-year-old man suffered a comminuted fracture following a fall.At the time of this x-ray study, no comment was made regarding a 
pathologie fracture. The fracture was treated by intramedullary rodding.Three and a half years later, the patient presented with the radiographs shown here 
(B). At operation, massive necrotic débris and granulation tissue together with membranous and cystic material as shown here were excised (C).The histology 
reveals irregular remnants of chitinous laminated hyaline material consistent with echinococcal cyst (D) (H&E, x 4 obj.). History revealed that 20 years before 
the fracture, he had worked as a farm laborer with sheep and dogs. 
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Body mass is mostly accounted for by the connective tissues and 
skeletal muscle, and although the final adult size of an individual 
(height, weight, build) is the resuit of many complex factors, both 
genetic and extrinsic (e.g., diet and activity level), perhaps the most 
important déterminant is the total number of connective tissue cells 
involved in production of the extracellular matrix and the quantity 
of extracellular matrix produced by each cell. Especially important 
to skeletal size is the optimal functioning of the epiphyseal growth 
plate during the period of development. 

The mechanical strength of the connective tissues dépends on the 
synthesis by osteoblasts, chondroblasts, and fibroblasts of organic 
extracellular matrix constituents (including collagen, proteoglycan 
[PG], and other noncollagenous proteins), both of the right type and 
in the right amount. Disease resulting from abnormal synthesis of 
matrix will interfère with both size and mechanical function. 

Disturbances in collagen synthesis may be congénital, as in osteo- 
genesis imperfecta (OI), or acquired, as in scurvy. The disturbance 
may be intracellular, as in both OI and scurvy, or extracellular, as in 
some cases of Ehlers-Danlos syndrome (EDS) (Fig. 6-1). However, 
whether congénital or acquired, pretranslational or post-translational, 
ail of these conditions give rise to abnormalities in the connective tis¬ 
sue matrices that affect the mechanical properties of the skeleton. 

The mechanical properties of the bony skeleton dépend not only 
on the organic matrix, but also on the calcification of the organic 
matrix. This, in turn, dépends not only on adéquate amounts of cal¬ 
cium and inorganic phosphates in the tissue fluid but also on the 
exercise of cellular control by means of the positive and négative 
influences of many substances, including alkaline phosphatase. 

In this chapter, the most important of the diseases resulting from 
disturbances in both organic and inorganic matrix synthesis will be 
discussed. 


Disturbances in Collagen Synthesis 


OSTEOGENESIS IMPERFECTA 
Clinical Evaluation 

OI (brittle bone disease) is the most commonly recognized con¬ 
génital disease affecting the production of collagen. It involves the 
bone matrix as well as other connective tissues. The disease com¬ 
prises a number of distinct syndromes having in common propen- 
sity to fracture and clinical evidence of osteopenia. Most of these 
syndromes are inherited as an autosomal dominant trait, rarely as 
a récessive trait, and still others occur as spontaneous mutations. 
Many patients hâve poorly formed dentin, hearing loss, and EDS- 
like features; however, it is the susceptibility to fracture that gives 
rise to most of their clinical problems. On the basis of clinical as well 
as genetic features, eight distinct groups hâve been described. 

TYPE I 

• Most common and mildest type of OI (including least number 
of fractures). 

• Most fractures occur before puberty. 

• Normal or near-normal stature. 

• Loose joints and muscle weakness. 

• Sciera usually hâve a blue or gray tint. 

• Triangular face. 

• Bone deformity absent or minimal. 

• Brittle teeth possible. 

• Hearing loss possible, often beginning in early 20s or 30s. 

• Collagen structure is normal, but the amount is less than 
normal. 



Pro a-chain backbone 


Hydroxylation of 
proline and lysine 


Triple hélix formation 


Extracellular 
space 


J95&& 

Ÿ Terminal 
Formation of cross-links V cleavag 


Ribosome 


1 Nucléus 


gly-x-y-gly 


mRNA 


Failure of 
hydroxylation 

(scurvy 
Ehlers-Danlos 
type VI) 


Genetic 

délétion 

(osteogenesis 

imperfecta) 


Endoplasmic 

réticulum 


Cytoplasm 


—j — Golgi 
'i apparatus 


N terminal 
cleavage 


Secretory 

vesicle 


Cell 

membrane 


Failure to cleave 
(Ehlers-Danlos 
type VII) 

Failure to form 
protein 
cross-links 
(Marfan’s 
syndrome) 


FIGURE 6-1 Schematic représentation of sites of possible disturbance in 
collagen synthesis leading to various disorders. 


TYPE II 

• Most severe form. 

• Frequently léthal at or shortly after birth, often due to respira- 
tory problems. 

• Numerous fractures and severe bone deformity. 

• Small stature with underdeveloped lungs. 

• Sciera hâve blue-gray tint. 

• Collagen improperly formed. 

TYPE III 

• Bones fracture easily. Fracture often présent at birth, and 
x-ray studies may reveal healed fractures that occurred before 
birth. 

• Short stature. 

• Sciera hâve a blue-gray tint. 

• Loose joints and poor muscle development in arms and legs. 

• Barrel-shaped rib cage. 

• Spinal curvature. 

• Respiratory problems possible. 

• Bone deformity, often severe. 

• Brittle teeth possible. 

• Hearing loss possible. 

• Collagen improperly formed. 

TYPE IV 

• Between type I and type III in severity. 

• Bones fracture easily, most before puberty. 

• Shorter than average stature. 

• Sciera are normal in color. 

• Mild to moderate bone deformity. 

• Tendency toward spinal curvature. 

• Barrel-shaped rib cage. 
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• Triangular face. 

• Brittle teeth possible. 

• Hearing loss possible. 

• Collagen improperly formed. 

TYPE V 

• Clinically similar to type IV in appearance and symptoms of 
OI. 

• A dense band seen on x-ray studies adjacent to the growth 
plate of the long bones. 

• Unusually large calluses, called hypertrophie calluses, at the 
sites of fractures or surgical procedures. 

• Calcification of the membrane between the radius and ulna 
restricting forearm rotation. 

• White sciera. 

• Normal teeth. 

• Bone has a “mesh-like” appearance when viewed under the 
microscope and a distinguishing feature are patches of bone 
that hâve failed to mineralize. 

TYPE VI 

• Clinically similar to type IV OI in appearance and symptoms. 

• The alkaline phosphatase activity level is slightly elevated. 

• Bone has a distinctive “fish-scale” appearance microscopically. 

• Diagnosed by bone biopsy. 

• Whether this form is inherited in a dominant or récessive 
manner is unknown. 

• Very few people with this type of OI hâve been identified. 

Two forms of OI that are inherited in a récessive manner were 
discovered in 2006. Both types are caused by genes that affect col¬ 
lagen formation. 

TYPE VII 

• Resembles type IV OI in many aspects of appearance and 
symptoms. 

• In other instances, the appearance and symptoms are similar 
to type II léthal OI, except infants had white sciera, a small 
head, and a round face. 

• Short stature. 

• Short humérus and short fémur. 

• Coxa vara is common; the acutely angled fémur head affects 
the hip socket. 

• Results from récessive inheritance of a mutation to the carti- 
lage-associated protein ( CRTAP ) gene. 

TYPE VIII 

• Resembles léthal type II or III OI in appearance and symptoms 
except that infants hâve white sciera. 

• Severe growth deficiency. 

• Extrême skeletal undermineralization. 

• Caused by a deficiency of prolyl 3-hydroxylase 1 (P3H1) due 
to a mutation to the LEPRE1 gene. 

These various syndromes hâve many clinical features in common. 
The majority of patients are short in stature, and the most severely 
affected cases are dwarfed. However, the incidence of fracture varies 
considerably depending on the type of the disease and âge; fractures 
are more common in children than in adults (Fig. 6-2). The standard 
treatment of fractures by immobilization results in disuse osteopo- 
rosis, which in patients with OI further increases the tendency to 
fracture, thereby setting up a vicious circle (Fig. 6-3). Thus, once 
a fracture has occurred, these unfortunate individuals hâve a ten¬ 
dency toward repeated fractures in the same area. 


The presence in many patients of blue sclerae (Fig. 6-4), poorly 
formed dentin (Fig. 6-5), and ligamentous laxity confirm that the 
disease is not confined to the skeleton but is rather a generalized dis- 
order of the connective tissues. Collagen synthesis by the osteoblasts 
and other connective tissue cells is déficient quantitatively (Table 
6-1) and has been shown to differ qualitatively in many patients. 
Based on linkage analysis, it has been concluded that 90% of typi- 
cal familial cases of OI are linked to abnormalities in collagen type 
I genes. Mutations in OI affect the type I collagen loci COL1A1 and 
COL1A2 . The commonest are nucléotide substitutions or less com- 
monly splicings or small délétions. 



FIGURE 6-2 Skeleton of an older child with severe OI, who died after 
massive hemorrhage from a blow to the head.There are post-fracture 
deformities in ail four limbs, together with scoliosis, chest, and pelvic 
deformities. 



FIGURE 6-3 The standard treatment of fractures by immobilization results 
in disuse osteoporosis, which, especially in these patients with already 
weakened bone, increases the tendency to further fracture. 
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FIGURE 6-4 Osteogenesis imperfecta: clinical photograph showing blue 
sclerae.The color results in part from the thinness of the sclerae. 

Radiographie Features 

The radiologie appearances in a case of OI dépends on the severity 
of the clinical disease, but the hallmark of the disease is osteopenia, 
associated with evidence of multiple fractures and, in severe disease, 
deformities (Fig. 6-6). The entire skeleton is affected, but the lower 
limb more obviously so. 

In the spine, platyspondyly and biconcavity are evidence of com¬ 
pression fractures in the vertébral bodies, and in many cases, these 
multiple fractures contribute to kyphoscoliosis (Fig. 6-7). Odontoid 
fractures are a rare complication, occurring mostly in children. In 
the severely affected patient, the pelvis is often markedly deformed 
and sometimes referred to as being triradiate in appearance. 


The skull films reveal a large vault with temporal bulging and typi- 
cally a small triangular face beneath. Multiple centers of ossification may 
be observed in the skull, particularly in the occipital portion (worm- 
ian bones) (Fig. 6-8). Occasionally, there is a ‘hair on end’ appearance. 
Basilar impression with deformity and encroachment upon the fora¬ 
men magnum may lead to compression of the medulla oblongata. 

In the léthal type II OI, the long bones are wide in diameter with thin 
shell-like cortices and multiple fractures, giving rise to telescoping of the 
bones (Fig. 6-9). In most other cases of severe clinical OI, however, the 
long bones are very slender (Fig. 6-10). The ribs may be so attenuated that 
one sees a ribbon-like configuration suggestive of neurofibromatosis. 

Fractures vary in number, depending on the severity of the dis¬ 
ease, but they are commonest in the lower limbs. Usually they heal 
at the normal rate. The number of fractures sustained each year is 
maximal in the growing period and decreases after adolescence. 
Fractures again become a problem with aging and the onset of senile 
osteoporosis. Hypertrophie callus develops in a few cases notably 
(type V) resulting in excessive swelling, heat, throbbing pain, and 
tenderness. It is important to distinguish this condition of hypertro¬ 
phie callus from acute osteomyelitis and osteosarcoma (Fig. 6-11). 

Many patients, particularly those with the severe form of the disease, 
are treated surgically with intramedullary rods, which both correct 
deformity and help to prevent further fracture. Complications associ¬ 
ated with this procedure include breakage of the rod, cutting out of the 
bone at one end of the rod associated with the continuing growth of the 
bone, and migration of the rod. Infection around the rods is very rare. 

The radiographie differential diagnosis of OI in the newborn might 
include congénital hypophosphatasia (vitamin D-resistant rickets), 
although in that condition, the alkaline phosphatase level is abnormally 
low. In a young child, the differential diagnosis might include battered 
baby syndrome or the early stages of leukemia. In the preadolescent, 
the condition of juvénile osteoporosis might hâve to be considered. 



FIGURE 6-5 Two examples of the appearance of teeth in patients with osteogenesis imperfecta. A, Brown short teeth resuit from failure in the formation 
of dentin (dentinogenesis imperfecta). B, When seen from above, the enamel appears to be normal. 


TABLE 6-1 Summary of Histologie Findings in Osteogenesis Imperfecta 


Control (âge matched) 

Osteogenesis imperfecta (ail cases) 
Osteogenesis imperfecta (more severe) 
Osteogenesis imperfecta (less severe) 


Osteocytes/Fractional Area of Bone 


Fields of Woven Bone 


242 

614 

725 

563 


60 

214 

345 

127 


153-359 

284-1443 

340-1443 

468-773 


Significance Mean SD 


P < 0.001 


P > 0.20 


7.68 4.30 

11.28 3.35 

5.12 2.53 


Range Significance 


3-17 

7-17 

3-10 


P < 0.001 


From Falvo KA, Bullough PC. Osteogenesis imperfecta: A histometric analysis. J Bone Joint Surg Am 1973:55:285. Reprinted with permission from The Journal ofBone and Joint Surgery, Inc. 
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FIGURE 6-6 Radiograph of upper extremity in a patient with severe osteogenesis 
imperfecta shows osteoporosis, slender bones, and multiple healed fractures. 



FIGURE 6-7 Dissected specimen of spine (A) shows scoliosis subséquent 
to multiple compression fractures. Specimen radiograph of spine 
(B) demonstrates the underlying osteoporosis. 


FIGURE 6-9 Specimen radiograph of lower limb from a stillborn with type II 
(léthal) osteogenesis imperfecta showing wide telescopic bones. 



FIGURE 6-10 Radiograph of the leg of a patient with severe clinical osteogenesis 
imperfecta, which has been treated by rodding of the tibia. The extreme 
atténuation and ribbon-like quality of the bones is obvious in the fibula. 



FIGURE 6-8 A, Skull from a 9-year-old child shows an open posterior fontanelle and multiple wormian bones. B, Specimen radiograph to show wormian bones. 
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FIGURE 6-11 A, Radiograph of the fémur of an adolescent patient with osteogenesis imperfecta (type V), who developed a rapidly growing, hot tumor 
following injury. Radiographically, a neoplasm was suspected. B, Photomicrograph of a biopsy obtained from the mass demonstrates cellular immature bone and 
cartilage consistent with fracture callus (H&E, x 10 obj.). 


Approximately 50% of the growing (epiphyseal) ends of the bones 
in children with moderate to severe OI whose roentgenograms the 
author has reviewed hâve a collection of rounded, scalloped radiolu- 
cencies with sclerotic margins. In some cases, this is accompanied by 
a ballooned-out epiphysis and metaphysis, giving a ‘bag of popcorn 



FIGURE 6-12 Radiograph of knee joint in an 8-year-old child with severe 
osteogenesis imperfecta. The epiphysis and metaphysis of the fémur contain 
nodular popcorn lésions with radiolucent centers and radiodense margins. 

No growth plate is seen in the fémur. In the tibia, the growth plate is partially 
visualized (arrow), but the central portion is disrupted. 


appearance similar to that described by Fairbank as cystic (Fig. 6-12). 
These lésions are seen in the long bones, most commonly in those of 
the lower limb with equal incidence on the right and left sides of the 
body. In ail instances where such lésions occur, the cartilaginous growth 
plate is irregular and either partially or completely absent (Fig. 6-13). 



FIGURE 6-13 Latéral radiograph of the knee in a patient with severe 
osteogenesis imperfecta.There is irregularity and disruption of both the fémoral 
and tibial growth plates, although less severe than that shown in Figure 6-12. 
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In the cases with popcorn epiphyses, films obtained during the néo¬ 
natal period show normal epiphyses and growth plates, indicating that 
the lésions are not congénital. Films taken after the adult State has been 
achieved were available for review in 40% of the patients, and in ail of 
these cases, the epiphyseal changes had resolved. A summary of the 
radiographie findings is shown in Table 6-2. 

Pathologie Features 

Gross examination of the bones reveals a generalized loss of bone 
tissue, with thin, eggshell-like cortices and very little medullary can- 
cellous bone. Many specimens demonstrate recent or healed frac¬ 
tures, with angulation or bowing, or both (Fig. 6-14). 

In general, the epiphyseal ends of the long bones, including the 
articular surfaces, retain a recognizable shape, although in propor¬ 
tion to the rest of the bone, they appear larger and may show irregu- 
larity of the articular surface (Fig. 6-15). The secondary centers of 
ossification are often markedly distorted and may contain small car- 
tilaginous nodules 1 to 4mm in diameter (Fig. 6-16). 

The appearance of the growth plate varies widely, ranging from 
normal, to exhibiting one or more indentations secondary to frac¬ 
ture, to total disruption of its regular outline. These latter changes 
correspond to the scalloped or popcorn lésions seen on radiographie 
examination and are most probably secondary to trauma. The frag¬ 
mentation of the growth plate might be reasonably expected to 
interfère with normal growth. 


TABLE 6-2 Summary of Radiographie Findings in Osteogenesis Imperfecta 



Clinically Less Severely 
Affected Osteogenesis 
Imperfecta 

Clinically More Severely 
Affected Osteogenesis 
Imperfecta 

Texture 

Osteopenia 

Proportional to the severity 
of the clinical disease 

Fractures 

Frequency 1-4 peryear; 
generally seen during 
growth period; most 
frequent in lower limbs; 
fractures may be présent at 
birth, but not commonly; 
deformities usually confined 
to lower limbs, most often 
the tibia and fibula 

Fractures présent at birth; 
many fractures each year; 
occur in ail four limbs, but 
always associated with 
severe deformities 

Long bones 

Usually slender 

May be widened during 
infancy to telescoping; in 
older patients, usually very 
slender 

Epiphyses 

Usually normal in 
appearance, although 
irregularities may be 
présent around the knee 

Frequently irregular with 
failure to recognize a 
normal growth plate, and 
replacement by bubbly 
calcified nodules; most 
frequently seen in lower 
fémur, upper tibia, upper 
fémur, and upper humérus 

Spine 

Osteopenia; platyspondyly; 
mild sclerosis 

Severe osteopenia with 
biconcave vertebrae 
and frequently severe 
kyphoscoliosis 

Ribs 

Normal 

Frequent deformities 
with thinning, malunited 
fractures 

Pelvis 

Normal 

Triradiate 


On microscopie examination, the growth plate fragments show 
polarized maturation and columnization of the chondrocytes with 
peripheral ossification. Microscopie examination of an intact growth 
plate from an OI patient may also reveal some disorganization of 
the proliférative and hypertrophie zones, with increased perméation 
of the cartilage by metaphyseal blood vessels and decreased thick- 
ness of the calcified zone of the growth plate cartilage. The primary 
spongiosa on the metaphyseal side is usually extremely scanty and of 
immature woven bone (Fig. 6-17). 



FIGURE 6-14 Dissected specimen of forearm bones shows multiple 
fractures, including fracture dislocation of the radial head. 



FIGURE 6-15 Upper end of tibia shows relative enlargement of the 
cartilaginous end of the bone and marked narrowing of the shaft of the fibula. 
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FIGURE 6-16 A, Dissected specimen of the upper end of the tibia shows 
multiple small cartilaginous nodules in the latéral margins of the epiphysis 
and central disruption of the growth plate. B, Radiograph of the specimen. 

C, Histologie section (H&E, x 1 obj.). 

Biopsy specimens from patients with the severe form of the dis- 
ease are characterized by large areas of osseous tissue devoid of an 
organized trabecular pattern. Examination of the individual trabe- 
culae reveals plump osteoblasts crowded along prominent osteoid 
seams, and large oval ostéocytes surrounded by a small amount of 
matrix, which more often than not has a woven pattern (Fig. 6-18). 


Even in areas that display a lamellar pattern, the lamellae are thin. 
The osteoclasts appear to be morphologically normal, although 
both they and the resorptive surfaces are more numerous. 

Bone specimens from clinically less severely affected patients are 
characterized by a predominantly fine lamellar pattern, with areas 
of woven bone associated with fractures. Although osteoblasts are 
increased in number, they appear smaller, more spherical, and less 
numerous than their counterparts in the severe group. Osteoid 
seams are prominent, probably due to an increased rate of bone 
formation. The ostéocytes, although more mature in appearance 
than in severely affected patients, are more numerous, larger, and 
less homogeneously distributed throughout the trabeculae than the 
ostéocytes in age-matched Controls (Fig. 6-19). Osteoclasts appear 
morphologically normal but are increased in number compared 
with those in individuals not affected by OF 

OI is not one disease; it is a collection of syndromes having in 
common decreased bone density and the propensity to fracture. 
From an anatomie viewpoint, three levels of organization may be 
considered in patients with OI: genetic cellular defects, tissue abnor- 
malities, and structural skeletal abnormalities. 

Although only limited information is available relating to cellular 
defects in OI, both genetic and biochemical evidence indicate that 
these diseases resuit from various disorders in collagen synthesis, 
both quantitative and qualitative. 

More information is available concerning tissue abnormalities. 
The increased number of osteoblasts and osteoclasts, the large 
size of the osteoblasts, and the greater amount of osteoid-covered 
surfaces suggest an increase in bone turnover, and this is sup- 
ported by microscopie studies including increased tétracycline 
labeling. One of the most characteristic histologie features in OI 
is the apparent abundance of ostéocytes. The quantity of extracel¬ 
lular matrix separating the cells is reduced, and as a conséquence, 
the cells are much doser together. This finding is présent in both 
woven and lamellar bone, suggesting a decrease in the amount of 
collagen matrix produced by each osteoblast before it becomes an 
osteocyte. The diminution in the size of the skeleton in OI can be 


FIGURE 6-17 A, Specimen radiograph of the 
fémur removed from a patient with osteogenesis 
imperfecta who was thought clinically to hâve 
developed synchronous chondrosarcomas. 
However, these changes are compatible with 
fragmentation and continued growth of the 
epiphyseal cartilage plate (popcorn sign). 

B, Photograph of a section through the upper 
end of the fémur illustrated in (A), showing the 
large cartilage fragments. C, Photomicrograph of a 
portion of the epiphysis shown in (B) (H&E, x 
1 obj.). 



CHAPTER 6 DISEASES RESULTING FROM SYNTHESIS OF ABNORMAL MATRIX COMPONENTS 149 



FIGURE 6-17—CONT'D D, Higher powered view of one of the cartilage 
nodules illustrated in (C) shows hypercellularity and disorganization. A thin 
rim of bone is présent around each of the nodules, giving rise to the rim of 
radiodensity seen in the radiograph (H&E, x 10 obj.). 



FIGURE 6-18 Photomicrograph of a biopsy of bone (A) obtained from a 
patient with severe osteogenesis imperfecta showing irregular hypercellular 
bone, which, on polarized light examination (B), is seen to hâve a poorly 
developed lamellar pattern (H&E, x 4 obj.). 

attributed, at least in part, to this absolute decrease in extracellu¬ 
lar matrix production, particularly of collagen. The fact that the 
lamellae appear unusually délicate and thin is in accordance with 
this interprétation. 

In those patients the author has been able to study at necropsy, 
two processes were found to affect the epiphyseal ends of the bone. 
First, a failure in the normal development of the secondary center 
of ossification results in residual islands of cartilage in the epiphysis 
(this process was présent in most of the epiphyses examined). Second, 
disruption of the epiphyseal growth plate, which often leaves only 
irregular islands of growth plate cartilage in the metaphyseal région. 
A radiographie survey showed that the most severe disruption and 
fragmentation of the growth plate occurred in the distal fémur. 



FIGURE 6-19 Photomicrograph of bone biopsy (A) from a patient with 
mild clinical osteogenesis imperfecta, showing hypercellular bone. The fine 
and poorly developed lamellar pattern is more clearly seen in the polarized 
light picture (B) (H&E, x 10 obj.). 


It seems likely that these later changes in the growth plate are 
secondary to mechanical injury rather than being developmental in 
origin. This view is supported by the finding of progressive changes 
in the clinical radiographs. Because there is little or no supportive 
medullary cancellous bone in these patients, it seems likely that the 
délicate cartilaginous growth plate, rendered brittle by the zone of 
calcification, is extremely vulnérable to latéral compression. The 
resulting fragmentation of the growth plate might be expected to 
interfère with growth. In this regard, it is interesting to observe that 
in a number of patients with the moderately severe form of the dis- 
ease, there is considérable disproportionate shortening of the fémur 
as compared with the humérus. In such cases that the author has 
examined roentgenographically, fragmentation of the growth plate 
of the lower fémoral condyles was generally apparent, whereas the 
epiphysis of the proximal humérus appeared normal. 

EHLERS-DANLOS SYNDROME 

EDS is relatively rare, but it has been described in ail races and 
both sexes. The disease is named after Edward Ehlers of Denmark, 
and Henri Alexandre Danlos of France. Like OI, EDS, which gives 
rise to the India rubber man of the circus, comprises a group of 
heterogeneous connective tissue disorders that hâve only recently 
been classified into six different types (Table 6-3). In most cases the 
underlying defect in the pathway of collagen synthesis is unknown. 
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TABLE 6-3 Ehlers-Danlos Syndrome Classification 


Name 

Description 

Genes 

Classical 

Affects approximately 2 to 5 in 100,000 people. Hypermobility type, symptoms often include unstable, 
flexible joints with a painful tendency to dislocate and subluxate.This variant is characterized by soft, 
highly elastic, velvety skin that may tear, bruise, or scar easily or be slow to heal, and that has a tendency 
to develop benign fatty growths as well as benign fibrous growths on pressure areas. Pregnancy can be life- 
threatening in this variant. It affects type V collagen as well as type 1. 

COL5A1, COL5A2, 

COU AI 

Hypermobility 

Affects 1 in 10,000 to 15,000 and an autosomal dominant trait, it is the only type of EDS that cannot 
be diagnosed through skin/tissue samples but is rather diagnosed by clinical observations. Symptoms 
include easy bruising, velvety-smooth skin, mildly hyperextensible skin, and loose, unstable joints. Joint 
dislocations and subluxations are common. Degenerative joint disease can occur. Some individuals hâve 
mitral valve prolapse. 

COL3A1, TNXB 

Vascular 

An autosomal dominant defect in the type 3 collagen synthesis. It is clinically serious. Hypermobility is 
usually limited to the fingers or toes, but the délicate skin is joined by fragile blood vessel walls and organ 
membranes, with a tendency to rupture or develop aneurysms. 

COL3A1 

Kyphoscoliosis 

An autosomal récessive defect due to deficiency of an enzyme called lysyl hydroxylase; it is very rare, 
with fewer than 60 cases reported. Symptoms include progressive scoliosis, progressive severe weakness 
of muscles, and fragile sciera. 

P LO DI 

Arthrochalasis 

Also very rare, with about 30 cases reported. This variant may resuit in very loose and unstable joints, 
including the hips, which may lead to early or severe osteoarthritis and fractures, and stretchy, fragile skin. 

It affects type 1 collagen. 

COU Al, COL1A2 

Dermatosparaxis 

Very rare, with few cases reported. This variant combines the loose and unstable 
joints with extremely fragile skin that loses elasticity. 

ADAMTS2 


However, some cases of EDS (kyphoscoliosis type), hâve demon- 
strated a hydroxylysine-deficient collagen, probably due to a lysyl 
hydroxylase deficiency that interfères with the formation of intra- 
molecular cross-links in type I collagen. In the rare disease derma- 
tosparaxis, the disease is caused by a lack of procollagen peptidase. 
Thus, the conversion of procollagen to collagen is interfered with 
and the formation of collagen fibrils cannot proceed normally. 

Mutations in the ADAMTS2, COL1A1, COL1A2, COL3A1 , 
COL5A1, COL5A2, PLOD1 , and TNXB genes hâve been implicated. 

The characteristic clinical features of EDS are hyperextensibility 
of the skin; easy bruisibility; hypermobile joints, which are prone to 
dislocation; and, in type IV disease, dissecting aortic aneurysm. Blue 
sclerae are not uncommon in EDS, and their presence should not be 
taken as evidence of an associated OI. Arthritis is common. 

In general, the bone is found on gross examination to be ostéopénie 
(Fig. 6-20). Many patients exhibit a greater or lesser degree of 
kyphoscoliosis, which becomes worse during adolescence and may 
end in severe spinal curvature with pulmonary embarrassment (Fig. 
6-21). Occasionally, severe spondylolisthesis is observed. No charac¬ 
teristic microscopie findings hâve been described in the bone. 

SCURVY 

Scurvy, an acquired collagen deficiency disease, is now an extremely 
rare condition, although an occasional case may arise as the resuit either 
of starvation or of food faddism. In the past, when infantile scurvy was 
common, the childhood disorder was frequently found to be associated 
with rickets. The adult form was most commonly seen in sailors. 

Scurvy is characterized clinically by hemorrhage secondary to capil- 
lary fragility. The hemorrhages occur in the skin, gums, muscle attach- 
ments, serosal membranes, and especially in children, subperiosteally 
in the bones (Fig. 6-22). Affected individuals may also exhibit anémia, 
osteoporosis, intra-articular hemorrhages, and poor wound healing. 

The récognition that scurvy is a deficiency State occurred in 
the late 18th century, when it became understood that the disease 



FIGURE 6-20 Photograph of an autopsy section through the fémur of a 
young man with Ehlers-Danlos syndrome shows a healed intertrochanteric 
fracture and severe osteoporosis. 


resulted from a lack of vegetables and fruit in the diet and that cit- 
rus fruit could prevent its onset. It is now known to be caused by 
a deficiency of ascorbic acid (vitamin C), an essential cofactor for 
hydroxylation of the amino acids proline and lysine, an important 
step in the intracellular synthesis of collagen. In the absence of vita- 
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FIGURE 6-21 Anteroposterior radiograph of a young adult with 
Ehlers-Danlos syndrome. The bone is markedly ostéopénie, and there 
is a mild scoliosis with some rotational deformity. 



FIGURE 6-22 Radiograph of a young child with scurvy shows extensive 
periosteal élévation in both fémurs, with epiphyseal séparation of the lower 
fémoral epiphyses. 

min C, the conversion of proline and lysine to hydroxyproline and 
hydroxylysine cannot take place, with a resulting failure in the for¬ 
mation of intramolecular bonds necessary to a stable triple-helical 
collagen molécule. 

In the vitamin C-deficient State, microscopie examination reveals 
that recently formed areas of connective tissue (e.g., the metaphy- 
sis in a growing child) are markedly déficient in extracellular matrix 
formation. Indeed, the most prominent features in these areas are 
proliferating fibroblasts without significant collagen production and 
extravasated red blood cells as a resuit of failure to form new capil- 
laries (Fig. 6-23). 

In young children with scurvy, the bone lésions are character- 
ized by subperiosteal hemorrhage that may be massive (Fig. 6-24). 



FIGURE 6-23 Photomicrograph shows extensive fibroblastic prolifération, 
with minimal bone and collagen production. Extravasation of red blood cells 
can be seen throughout the tissue (H&E, x 25 obj.). 


In addition, because the primary spongiosa beneath the growth plate 
fails to form adequately, a fracture through the metaphysis frequently 
occurs, with a resulting séparation of the epiphysis (Fig. 6-25). These 
metaphyseal fractures are clinically manifested by marked costo- 
chondral tenderness and swelling around the major joints. (Because 
the periosteum is more securely attached to the bone in adults, sub¬ 
periosteal hematomas are less characteristic. Flowever, adult patients 
may présent with bleeding gums and bleeding elsewhere as well as 
marked osteoporosis due to the defect in collagen synthesis.) 

MARFAN'S SYNDROME 

Marfans syndrome is an autosomal dominant genetic disorder of 
connective tissue. Affected individuals are usually tall and thin, with 
osteopenia, kyphoscoliosis, arachnodactyly, myopia, and often lens 
dislocation (Fig. 6-26). From a clinical standpoint, the most impor¬ 
tant aspects of the disease are cardiovascular abnormalities, particu- 
larly affecting the heart valves and the aorta. Other affected organs 
include the lungs and durai ectasia. 

Microscopie examination of the heart valves and large arteries 
reveals a cystic necrosis of the media with pools of mucoid mate- 
rial that stains metachromatically with toluidine blue (Figs. 6-27 
and 6-28). 

Marfans syndrome is believed to be caused by mutations in the 
FBN1 gene on chromosome 15, which encodes a glycoprotein called 
fibrillin-1, a component of the extracellular matrix. The fibrillin-1 
protein is essential for the proper formation of the extracellular 
matrix including the biogenesis and maintenance of elastin fibers. 
The extracellular matrix is critical for both the structural integrity 
of connective tissue but also serves as a réservoir for growth factors. 
Elastin fibers are found throughout the body but are particularly 
abundant in aorta; ligaments, especially the ligamentum flavum, 
hence the spinal deformity; and the ciliary zonules of the eye; conse- 
quently these areas are among the worst affected. 

Other rare disorders that hâve similar signs and symptoms to 
those of Marfans syndrome and EDS include 

• Congénital contracturai arachnodactyly (Béais’ syndrome) 

• Homocystinuria 

• Loeys-Dietz syndrome 

• MASS (mitral valve, aorta, skin, skeletal) phenotype 

• Stickler’s syndrome. 
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FIGURE 6-24 Photograph of a specimen from a case of scurvy showing periosteal élévation and subperiosteal hemorrhage. Séparation of the lower fémoral 
epiphysis has occurred. 



FIGURE 6-25 Photomicrograph of the région of the growth plate and 
metaphysis in a patient with scurvy. Subperiosteal hemorrhage and a fracture 
through the metaphysis are apparent (H&E, x 4 obj.). 


Mucopolysaccharidoses 


The nonfibrillar amorphous component of the extracellular tissue 
matrix is particularly prominent in cartilage and plays an important 
rôle in its mechanical properties. 


The principal nonfibrillary constituents of cartilage are gly¬ 
cosaminoglycans, which, combined with proteins, form the PG (see 
Chapter 1). 

The mucopolysaccharidoses constitute a group of inborn errors 
of metabolism, which resuit from diminished activity of the lyso- 
somal enzymes that dégradé glycosaminoglycans (i.e., mucopolysac- 
charides). At least 11 distinct single lysosomal enzyme deficiencies 
are known to resuit in seven recognized phenotypes. These con¬ 
ditions are inherited in an autosomal récessive fashion with the 
exception of Hunters disease. They are characterized by defects 
in the metabolism, storage, and excrétion of these glycosaminogly¬ 
cans. The majority of these diseases are associated with marked 
skeletal abnormalities, probably because the glycosaminoglycans 
are so important in the formation of the early cartilaginous skel- 
eton and its subséquent endochondral ossification during develop¬ 
ment (Fig. 6-29). 

Most of these conditions are characterized by the storage of der- 
matan sulfate and heparan sulfate in various tissues (Table 6-4). 
Strikingly affected are the réticuloendothélial System, the heart (Fig. 
6-30), and the central nervous System, the latter often resulting in 
severe mental retardation. Because of the important rôle played by 
the glycosaminoglycans in the formation of the vitreous humor and 
other components of the eye, disturbed vision and blindness is a 
common complication. 

The two most common mucopolysaccharidoses associated with 
severe skeletal abnormalities are Morquios syndrome (MPS IV) and 
Hurlers syndrome (MPS I). 

MORQUIO'S SYNDROME 

Morquio s syndrome (mucopolysaccharidosis IV A and B) is charac¬ 
terized by defective dégradation of keratan sulfate, by either TV-acetyl 
galactosamine-6-sulfate sulfatase (GALNS gene) deficiency in MPS 














Thoracic spine 


Scoliotic deformity 


Lumbar spine 


FIGURE 6-26 A, The hands of an adolescent girl with Marfan's syndrome show the typical elongated fingers (arachnodactyly) associated with the syndrome. 
B, Radiograph of the hand. C, Anteroposterior radiograph of the trunk of the same patient demonstrates the severity of the spinal deformity. (Courtesy of 
Dr. David Levine.) 



FIGURE 6-27 Photomicrograph of a portion of the wall of the aorta, 
demonstrating pools of mucoid material.The patient died of a dissecting 
aneurysm, a common complication in Marfan's syndrome (H&E, x 4 obj.). 



FIGURE 6-28 Photomicrograph of a section of the aorta from a patient with 
Marfan's syndrome stained to demonstrate the sparsity of elastic tissue (black). 
Especially in the areas of mucoid degeneration contributing to weakness in the 
media and subséquent dissecting aneurysm (Verhoeff-van Gieson, x 4 obj.). 










154 SECTION III METABOLIC DISTURBANCES 



FIGURE 6-29 Photograph of a 15-year-old boy with Morquio's syndrome 
showing a typical disproportion in spine and limb lengths.The boy's 
grandfather was similarly affected. 

IV A or beta-galactosidase ( GLB1 gene) deficiency in MPS IV B, 
and by excessive amounts of keratin sulfate and chondroitin sulfate 
in the urine. Affected patients are dwarfed, with characteristically 
fiat vertebrae and some vertébral wedging, epiphyseal dysplasia, and 
generalized osteoporosis. There is usually marked shortening of the 



FIGURE 6-30 The heart of a child with Hurler's syndrome. Note the 
thickening of the chordae tendineae cordis and opacity of the endothélial 
lining of the heart, both resulting from accumulation of macrophages filled 
with polysaccharides. 

trunk with kyphosis and somewhat lesser shortening of the extremi- 
ties, with genu valgus (Figs. 6-31 to 6-33). Odontoid hypoplasia may 
occur and is a critical feature to be recognized. Unlike the other type 
of MPS, Morquio’s patients do not hâve coarse facial features or 
mental retardation. 


TABLE 6-4 Clinical and Biochemical Features Distinguishing the Mucopolysaccharidoses (MPSs) and Morquio's Syndrome 
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FIGURE 6-31 Latéral radiograph of the thoracolumbar spine in a 17-year-old 
girl with the clinical présentation of Morquio's disease.The vertébral bodies 
show an anterior beaking. Note the associated mild kyphosis. 



FIGURE 6-32 Latéral radiograph of the thoracolumbar spine in another 
patient with the clinical présentation of Morquio's disease. In this case there 
is a flattening of the vertébral bodies without obvious beaking. 

HURLER'S SYNDROME 

Hurlers syndrome is marked by progressive mental détérioration, 
hepatosplenomegaly, dwarfism, and gargoyle-like faces. Affected 
children may be large at birth and appear normal but may hâve 
inguinal or umbilical hernias. Growth in height may be initially 
faster than normal, then begins to slow before the end of the first 



FIGURE 6-33 Radiograph of the hips of a boy suffering from Morquio's 
disease, demonstrating failure of development in the fémoral heads as well 
as in the hip joints as a whole. 


year and often ends around âge 3, resulting in a maximum stature of 
less than 4 feet. Distinct facial features including fiat face, depressed 
nasal bridge, and bulging forehead become évident in the second 
year. The liver, spleen, and heart are usually enlarged. Children with 
Hurlers syndrome often die before âge 10 from obstructive airway 
disease, respiratory infections, or cardiac complications. 

Although the vertébral bodies appear relatively normal, these 
patients frequently exhibit a kyphotic deformity resulting from the 
malformation of at least one vertébral body, usually the twelfth tho- 
racic or the first lumbar (Fig. 6-34). For unknown reasons, a por¬ 
tion of the anterior half of the affected body or bodies fails to ossify, 



FIGURE 6-34 Photograph of a portion of the thoracolumbar spine in a 
patient with Hurler's syndrome showing a hemivertebra at the level of Tl 2. 
The vertebra above is also slightly deformed on its inferior surface, though 
the remaining vertebrae in this photograph appear to be within normal 
limits. (Courtesy of Dr. James W. Milgram.) 
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and the ensuing posterior displacement of one vertébral body on 
the other leads to kyphosis. However, in Hurler s syndrome, the ver¬ 
tébral column does not show the general wedging of the vertébral 
bodies présent in Morquio s syndrome. 


Disturbances in Minerai Formation 


HYPOPHOSPHATASIA 

(PHOSPHOETHANOLAMINURIA) 

Hypophosphatasia is a rare autosomal récessive, genetically trans- 
mitted error of metabolism in which there is a deficiency in the syn- 
thesis of the enzyme alkaline phosphatase and, therefore, defective 
bone mineralization. Five forms of the disease hâve been described: 
périnatal, infantile, childhood, adult, and odontohypophosphata- 
sia. Périnatal hypophosphatasia is invariably léthal whereas infantile 
hypophosphatasia has a roughly 50% mortality rate, with symptoms 
appearing within the first 6 months after birth. These forms of the 
disease are inherited as an autosomal récessive trait. 

In infants, the disease is manifested clinically as a failure to 
thrive with growth retardation and is accompanied by a wide range 
of symptoms including irritability, fever, and vomiting. In general, 
infants diagnosed before 6 months of âge follow a rapidly progres¬ 
sive fatal course. 

In older children or adults, the disease is less severe, inherited as 
an autosomal récessive trait, and usually asymptomatic though there 
may be a history of prématuré loss of teeth. Hypophosphatasia is 
characterized by decreased levels of alkaline phosphatase in bones, 
intestines, liver, and kidneys. Levels of sérum phosphorus and cal¬ 
cium are usually at the upper limits of normal. Increased amounts of 
phosphoethanolamine, which is believed to be a substrate of alkaline 
phosphatase, are présent in the urine and in the sérum, and levels of 
inorganic pyrophosphate are also elevated. 

Radiographie manifestations of the disorder in children include 
poorly ossified and underdeveloped bones (Figs. 6-35 and 6-36). 
Gross and microscopie examination of the affected tissue reveals 
increased osteoid and irregular epiphyseal cartilage with length- 
ened chondrocyte columns (Figs. 6-37 to 6-41). The similarity to 
rickets is évident and explains why this disease was named vitamin 
D-resistant rickets for years (see Chapter 8). 

Hypophosphatasia may not présent clinically until the fourth, 
fifth, or sixth decade of life, although there is often a childhood his- 



FIGURE 6-35 Hypophosphatasia: radiograph of the skull in a newborn baby 
shows poor mineralization of the vault of the skull. 



FIGURE 6-36 Hypophosphatasia: the lower limbs in a newborn child show 
marked irregularity of the growth plate, with streaks of radiolucency into the 
metaphysis.This appearance is indicative of poor endochondral ossification 
and mineralization. 



FIGURE 6-37 Hypophosphatasia: section through the lower fémoral 
epiphysis and metaphysis shows some thickening and irregularity of the 
growth plate. 

tory of a rickets-like disorder. Edentia, short stature, and deformity 
of the extremities, including bowing, are common clinical find- 
ings. Radiographie features include pseudofractures and osteopenia. 
Histopathologie examination of bone from these patients reveals an 
ostéomalacie picture, with increased amounts of nonmineralized 
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FIGURE 6-38 Hypophosphatasia: low-power photomicrograph of the upper 
fémoral growth plate. The marked irregularity of the cartilage and the tongue of 
irregular cartilage extending to the metaphyseal région are évident (H&E, x 1 obj.). 



FIGURE 6-39 Photomicrograph to demonstrate a normal upper fémoral 
epiphysis to show the différence in a patient of the same âge as the subject 
of Figure 6-38 (H&E, x 1 obj.). 


bone. Unlike osteomalacia due to vitamin D or calcium deficiency, 
hypophosphatasia is characterized by a paucity of osteoblasts. 

The topic of hyperphosphatasia will be discussed in Chapter 7 
under juvénile Pagets disease. 

FLUOROSIS 

With excess fluoride in the diet, the fluoride may substitute for some 
of the hydroxyl ion in hydroxyapatite to form a more stable crystal, 
fluorapatite, which is less soluble (Le., less metabolically available) 
than hydroxyapatite. 

Normal adult sérum fluoride ranges from 0.5 to 2.3 pM; lowest 
values are seen in young adults, and levels progressively increase 
with âge to reach peak values of 2 pM in the sixth to eighth décades. 


Fluoride intoxication may resuit from either industrial or endemic 
exposure to fluoride. In populations exposed to a high fluoride con¬ 
tent in water (in excess of 24 parts per 1,000,000), or in individu- 
als exposed to high levels of industrial fluoride, the most dramatic 
radiographie change is marked coarsening and thickening of bone 
trabeculae, particularly involving the axial skeleton. Eventually, 
there is a significant increase in bone density, sometimes accom- 
panied by periosteal new bone formation and marked spinal osteo- 
phytosis. There is a propensity for calcification and ossification of 
the muscles, ligaments, and tendons at the site of their attachment 
to the bone. Some patients in whom bone formation is particularly 
prominent in and around joints may develop debilitating arthrosis. 
Affected individuals may also exhibit mottled tooth enamel and 
anémia. 




FIGURE 6-40 Photomicrograph of a cross-section of a growth plate in hypophosphatasia demonstrates disturbed endochondral ossification (H&E, x 10 obj.). 
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FIGURE 6-41 Photomicrograph shows the poor mineralization of the 
forming bone in hypophosphatasia. Only the areas stained black are 
mineralized (Von Kossa's, x 25 obj.). 

In recent years, fluoride has been used to stimulate bone pro¬ 
duction in osteoporotic patients. Fluoride in doses of approximately 
20 to 30 mg of elemental fluoride daily to achieve a sérum level of 
approximately 10 pM may resuit in increased bone density in some 
subjects (Fig. 6-42). However, its usefulness as a mode of treatment 
has been questioned. 

Microscopie examination of the sclerotic fluorotic bone in 
treated patients reveals it to be predominantly lamellar, although 
with increased ostéocytes that themselves do not appear normal; the 
matrix frequently shows basophilie mottling around the osteocytic 
lacunae or enlargement of the lacunae themselves. An increased 
amount of osteoid as well as increased cernent Unes are also présent 
(Figs. 6-43 to 6-45). A marked increase in the diameter of the corti¬ 
cal haversian Systems may give a spongy appearance to the cortex. 



FIGURE 6-43 Photomicrograph of a section of undecalcified bone obtained 
from a patient treated with sodium fluoride, showing increased amounts of 
osteoid, both extensively along the bone surfaces and patchily within the 
bone trabeculae (von Kossa's, x 4 obj.). 


Dwarfism (Chondro-osseous Dysplasia) 


Many of the diseases discussed in this chapter resuit in a stunting of 
growth that is sometimes dramatic, as in OI and the various muco- 
polysaccharidoses, especially Morquios syndrome. 

Dwarfism may also be caused by defects in the epiphysis or in the 
growth plate, either from a lack of those extrinsic factors necessary for 
cartilage growth, as occurs with deficiency of growth hormone (pitu- 
itary dwarfs), or from cellular deficiencies in the chondrocytes that 
might interfère with endochondral ossification, such as appears to be 
the case with achondroplasia (Figs. 6-46 to 6-48). Although many dif¬ 
ferent clinical syndromes hâve been described, mostly by radiologists, 
for the most part the underlying molecular defects remain unknown. 



FIGURE 6-42 The effect of sodium fluoride on osteoporotic bone. Radiograph of an osteoporotic spine (A) shows collapse of thoracic vertebrae with marked 
osteopenia. After 3 years of treatment with sodium fluoride, calcium carbonate, and vitamin D (B), spinal radiograph shows increased radiodensity. 
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FIGURE 6-44 Photomicrograph of a section of undecalcified bone 
obtained from a patient treated with sodium fluoride, showing the 
irregular appearance of the matrix that is seen in the newly formed bone 
(undecalcified specimen, H&E, x 10 obj.). 



FIGURE 6-45 Photomicrograph of a section of undecalcified bone obtained 
from a patient treated with sodium fluoride, showing at a higher power 
patchy basophilia seen in the newly formed bone shown in Figure 6-44 
(H&E, x 25 obj.). 


Radiographie classification of these conditions is based either on 
the portion of the long bone (epiphysis, metaphysis, or diaphysis) 
most obviously involved, and on the presence or absence of spinal 
involvement; or by the portion of the extremity involved (Fig. 6-49). 
The âge of the patient at the time of présentation (e.g., newborn, 
infant, child, or adult) is important in categorizing the abnormalities 
that resuit in dwarfism. 

Proximal shortening or disproportionate shortening of the 
humérus and fémur is known as rhizomelic dwarfism; shortening of 
the bones of the leg or forearm is known as mesomelic dwarfism; and 
shortening of small distal parts is known as acromelic dwarfism. 



FIGURE 6-46 Radiograph of an achondroplastic stillborn. 



FIGURE 6-47 Radiograph of the upper and lower limbs together with the 
shoulder girdle of the infant shown in Figure 6-46 that shows the sharply 
defined sclerotic metaphysis indicating the absence of normal longitudinal 
growth and, consequently, the shortened diaphyses and flared metaphyses. 
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Normal Spondylodysplasia 



b + e = Spondyloepiphyseal dysplasia 
c + e = Spondylometaphyseal dysplasia 
b + c + e = Spondyloepimetaphyseal dysplasia 


FIGURE 6-48 Photomicrograph of the growth plate and metaphyseal bone 
from an achondroplastic dwarf to show the lack of normal maturation and 
columnation in the growth plate and the presence of a bony end-plate in the 
metaphysis (H&E, x 2.5 obj.). 


FIGURE 6-49 Radiologie classification of chondrodysplastic dwarfism. 


















Diseases Resulting 
from Disturbances 
in Cell Linkage 


James Paget (January 1814-December 
1899). At the âge of 16, Paget was appren- 
ticed to a local general practitioner; at the 
âge of 20, he entered St. Bartholomews 
Hospital Medical School and earned his 
medical degree at âge 22. He became one 
of the most distinguished physicians of 
his âge. (Courtesy of the New York Acad- 
emy of Medicine.) 


Heinrich Ernst Albers-Schônberg 
(January 1865-June 1921). Albers- 
Schônberg studied medicine at the Uni- 
versities of Tübingen and Leipzig. He 
was one of the earliest specialists in the 
field of radiologie medicine to discover 
the damage x-rays inflict upon the repro¬ 
ductive System, and he is credited with 
providing a description of osteopetrosis. 
(Courtesy of the Clendening History of 
Medicine Library, University of Kansas 
Medical Center.) 
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Like most tissues of the body, the bony skeleton is in a continuons 
State of formation and breakdown, enabling it to constantly adapt to 
the environment, especially the mechanical demands. For the 
amount of bone tissue to remain the same, there must be a balance 
between formation of the extracellular matrix by the osteoblasts and 
its breakdown by the osteoclasts, processes regulated by both local 
and systemic factors (see Chapter 1, Tables 1-2 and 1-3). Any distur¬ 
bance in the linkage between these two processes will resuit in either 
a decrease in bone density (osteopenia) or an increase in bone den- 
sity (osteosclerosis) (Fig. 7-1). In general, because disturbed skeletal 
homeostasis is not the resuit of disturbances of calcium homeosta- 
sis, the blood calcium levels are essentially normal. 


Osteosclerotic Conditions 


Localized increased radiographie density is a relatively common 
finding in the skeleton, and is usually associated with metastatic 
cancer or, less commonly, primary tumors or marrow disease, such 
as lymphoma or myelofibrosis. What follows will focus on sclerosis, 
either localized or generalized, which is due to disturbed cell linkage, 
and mainly on osteopetrosis and Pagets disease, in both of which 
osteoblast dysfunction appears to be the problem. 

OSTEOPETROSIS (MARBLE BONE DISEASE, 
ALBERS-SCHÔNBERG DISEASE) 

Osteopetrosis is a rare heterogeneous group of heritable disorders 
characterized by a marked increase in the density of the bones. The 
bones are generally short and frequently exhibit a modeling defect 
characterized by loss of the normal metaphyseal flare, sometimes 
referred to as an Erlenmeyer flask deformity (Fig. 7-2). This defor- 
mity is most prominent in the areas of rapid growth, that is, the lower 
fémur, upper tibia, and upper humérus. (A similar deformity may 
also be seen with Gauchers disease [see Chapter 9].) Osteopetrosis is 
often complicated both by multiple fractures resulting from a dis¬ 
turbed microarchitecture (Fig. 7-3) and by anémia resulting from the 
marked réduction in the marrow space (Fig. 7-4). 

Three clinical présentations hâve been recognized. In the severe 
(malignant) form that usually causes death in utero or in early 
infancy, it is inherited as an autosomal récessive trait. In this severe 
form of the disease, marrow cavities fail to develop, leading to 
extramedullary hematopoiesis, anémia, leukoerythroblastosis, and 
progressive hypersplenism. Obstruction of the cranial foramina 
results in increased intracranial pressure, optic atrophy, deafness, 


and cranial nerve palsies. Development is progressively impaired in 
these children, and death usually occurs during the first years of life 
from anémia, bleeding, or infection. 

There are two less severe (benign) forms of the disease in which 
the patients live into adult life; one is also inherited as an auto¬ 
somal récessive condition and the other as an autosomal dominant 
condition. In the latter form, diagnosis may be delayed until late 
middle âge, when the disease usually présents because of a patho¬ 
logie fracture or as an incidental radiologie finding. In such a case, 
the condition must be differentiated from other causes of increased 
bone density, such as widespread osteoblastic métastasés or 
myelosclerosis. 

In severely affected patients, radiologie examination of the skel¬ 
eton may reveal a uniform opacity of the skeletal tissue, with loss of 
the usual corticomedullary démarcation (Fig. 7-5). However, in less 



FIGURE 7-2 Anteroposterior radiograph of a young child with osteopetrosis 
showing a marked increase in the density of the bones. The normal 
démarcation of cancellous bone and cortical bone is lost. In addition, there 
is the typical metaphyseal flaring (Erlenmeyer flask deformity), which is 
particularly prominent around the knees and hips. 


FIGURE 7-1 In each of these situations, it is the relative 
activity that matters. For example, there could be increased 
osteoblastic activity, but if osteoclastic activity were even 
greater, the resuit would be osteopenia. 
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FIGURE 7-3 Multiple fractures of the forearm and elbow are demonstrated 
in this young patient with osteopetrosis. Although the bone is denser than 
normal, it is less strong because of its disturbed microarchitecture. Note the 
transverse direction of the fractures (banana fracture). 

severely affected patients, it is not unusual to find, particularly in the 
pelvis and the peripheral bones, alternating areas of affected and 
apparently normal bone, which give a peculiar striped appearance to 
the radiographie image (Fig. 7-6). In the vertébral bodies, a central, 
horizontal lytic stripe is often seen, which gives the vertebrae a sand- 
wich-like appearance (Fig. 7-7). Occasionally, spinal involvement 



FIGURE 7-5 Radiograph of the upper body of a child with osteopetrosis. 

A marked increase in density of ail the bones is apparent. 

may give rise to a lumbar spondylolisthesis because of fractures 
through the pars interarticularis. 

Gross examination of the bones obtained from fatal infantile 
cases shows widening in the région of the metaphysis and diaphysis 
(the characteristic Erlenmeyer flask deformity). The affected bones 
hâve increased density, and despite the fact that they are usually 
somewhat smaller than normal, may weigh two to three times more 
than normal bone. On sectioning, the bone tissue is generally very 
hard and compact, with complété loss of the normal cancellous 
architecture (Figs. 7-8 and 7-9). 

Microscopie examination reveals extremely dense and irregular 
bone trabeculae, nearly ail of which hâve a central core of cartilage 
(Fig. 7-10). (Compare with the primary spongiosa that normally 
forms in the metaphysis during development, which has a similar 
appearance but is rapidly remodeled to the adult form of bone 
[Chapter 1]. In patients with osteopetrosis, the mechanism by which 



FIGURE 7-4 Osteopetrosis: gross appearance of two resected vertébral bodies in frontal section (A) and a radiograph of these vertebrae (B). The oblitération of 
the marrow space results in extramedullary hematopoiesis. 
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FIGURE 7-6 Clinical radiograph of the hands of an adult patient with 
osteopetrosis.The proximal end of the first metacarpal clearly shows 
alternating stripes of dense involved bone, with less dense and apparently 
normal bone distally. 



FIGURE 7-7 In this adult patient with osteopetrosis, the spine shows 
markedly increased density of the proximal and distal thirds of the vertébral 
bodies, giving a sandwich-like appearance. 

this remodeling is effected appears to be déficient, and the primary 
spongiosa together with its cartilage core therefore persists.) 

Although a paucity of osteoclasts has sometimes been reported in 
patients with osteopetrosis, in many cases, microscopie examination 
shows abundant osteoclasts. However, microscopie studies hâve 
demonstrated that, at least in some cases, these osteoclasts lack ruf- 
fled borders and that although the cells are in proximity to the bone 
and calcified cartilage, they do not show the cytologie features nor- 
mally présent in an active osteoclast (Fig. 7-11). In other words, 
although osteoclasts are présent, they do not appear to be function- 
ing normally. 

Three mutations linked to osteopetrosis cause defects in osteo¬ 
clast function: carbonic anhydrase II deficiency, osteoclast proton 
pump deficiency, and defects in the chloride channel. The most 



FIGURE 7-8 Radiograph of the thighs in a child with osteopetrosis shows a 
lack of metaphyseal remodeling, which gives rise to an Erlenmeyer flask 
deformity. Normal cortical medullary différentiation is not seen, and the 
bones are strikingly dense. Again a striped appearance is seen in the distal 
fémoral metaphysis. 



FIGURE 7-9 Gross appearances of a fémur removed from a child with 
osteopetrosis seen in frontal (A) and eut section (B). Note the characteristic 
Erlenmeyer flask deformity of the distal end of the fémur and uniform 
density of the bone in the eut section. 

common of these, found in 50% to 60% of patients, results from 
defects the osteoclast vacuolar H + -ATPase proton pump. The most 
obvious microscopie defect is the failure to resorb calcified cartilage, 
and it is perhaps here that the osteoclasts are most déficient. 
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FIGURE 7-10 A, Photomicrograph demonstrates residual cartilage in an adult patient with osteopetrosis. B, The same field has been photographed using polarized 
light, which clearly differentiates the bone and calcified cartilage (H&E, x 4 obj.). 



FIGURE 7-11 Histologie section taken from a young child with 
osteopetrosis, showing numerous osteoclasts in the tissue. However, these 
osteoclasts do not seem to be resorbing bone (H&E, x 10 obj.). 


(It should be noted that a percentage of patients with osteopetrosis 
as yet hâve no identifiable gene defect.) 

In osteopetrotic mice, restoration of normal bone and cartilage 
résorption has followed the transplantation of normal bone marrow 
or spleen cells. This procedure has also been tried in humans with 
some promise of success. 


PAGETS DISEASE (OSTEITIS DEFORMANS) 

In November 1876, Paget, in a paper read to the Royal Medical and 
Surgery Society, described the disease that now universally bears his 
name. He was 62 years old. 

The case that he described was that of a military gentleman 
who had been his patient for more than 20 years and eventually 
had died of a malignancy in the radius. When the patient had been 
first seen, it was because of deformity in the left tibia. Over the 
next 17 years of his life, the disease continued to progress slowly. 
The left fémur and tibia became larger, heavier, and somewhat 
more curved. Very slowly the bones of the right limb followed the 
same course. The skull became gradually larger so that nearly every 
year his hat needed to be enlarged. From a height of 6T he sank to 
about 5’9. The attitude in standing was described as looking simian, 
“strangely in contrast with the large head and handsome features” 
(Fig. 7-12). 

In December, 1872, the patients sight was partially destroyed by 
retinal hemorrhages, first in one eye and then in the other, and at 
nearly the same time he began to be somewhat deaf. In January, 
1876, he began to complain of pain in his left forearm and elbow and 
swelling appeared about the upper third of the radius and increased 
rapidly. On 24th March, after 2 days of distress with pleural effusion 
on the right side, he died, and at autopsy, a malignant tumor was 
found in the radius. 

In most instances, Pagets disease is localized and maybe only 
one bone is affected. Because the condition is perhaps most often 
asymptomatic, it is discovered only accidentally on imaging stud- 
ies. In the past, when careful autopsies were done, foci of undiag- 
nosed Pagets disease in the spine or skull were commonly 
found. 

If a patient does présent with clinical disease, it is most likely to 
be either localized discomfort in an extremity or in the back, 
deformity, the onset of arthritis in the hip or knee, or even patho¬ 
logie fracture. Rarely the patient may présent initially with deaf- 
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FIGURE 7-12 Illustration from Paget's original paper. (From Med ChirTrans FIGURE 7-13 Radiograph of the right hand to show monostotic Paget's 
Vol LX, plate I, 1876. Courtesy of the New York Academy of Medicine.) disease of the third metacarpal. 


ness or some other neurologie symptom; very rarely a sarcoma 
(Box 7-1). 

Virtually any bone in the body may be involved, but the most 
common sites are the lumbar spine, pelvis, skull, fémur, and tibia. 
The peripheral skeleton is generally spared (Fig. 7-13). Less corn- 
monly, the disease is multifocal or even generalized. Small, incom¬ 
plète cortical fractures may be numerous, particularly in 


BOX 7-1 Diagnosis of Paget's Disease 

1. History 

■ Duration 

■ Symptoms 

■ Family history 

2. Physical examination 

■ Warmth 

■ Tenderness 

■ Bone enlargement 

■ Deformity 

■ Decreased range of joint movement 

3. Laboratory tests 

■ Alkaline phosphatase 

■ Urinary pyridinoline 

■ Acid phosphatase 

■ Sérum calcium, phosphorus 

4. Bone scan 

■ A sensitive indicator 

■ Positive 

5. Radiographie studies 

■ Spécifie but sometimes unrecognized 

■ Enlargement (characteristic) 

■ Lytic, sclerotic, or both 

■ Arthritis 

■ Transverse fractures 


weight-bearing bones. Progressive bowing of the fémoral neck and 
wedging of the vertebrae are often the resuit of repeated microfrac¬ 
tures, which may progress to complété transverse fractures. However, 
as shown in Figure 7-14, bowing of the legs may also resuit purely 
from bone overgrowth. 

Clinical évaluation of patients with Pagets disease reveals a high 
incidence of arthritis in the joints adjacent to involved bones. 
Clinical arthritis is commonly seen in the hip joint, and it is char- 
acterized on radiologie examination by concentric joint narrowing 
(Fig. 7-15). This narrowing appears to resuit from an accelerated 
rate of endochondral ossification in the calcified zone of the artic- 
ular cartilage (conséquent to the increased vascularity and turn¬ 
over of the subchondral bone; see Chapter 10 for further discussion 
of this phenomenon). O ver ail increased bone size and deformity, 
resulting from accelerated bone modeling, also contributes to the 
arthritic process by altering the load distribution (Fig. 7-16). 

The incidence of Pagets disease varies with ethnicity; although 
common in Anglo-Saxon northern Europeans including New 
Zealanders and Australians, it is very rare in blacks and Southeast 
Asians (with perhaps the exception of Hong Kong and India [both for¬ 
mer British colonies]). In large autopsy sériés in northern Europe, the 
incidence of Pagets disease has been reported to be between 3% and 
4% of ail individuals older than the âge of 40 (this probably underesti- 
mates the true incidence, which in some localities, may be much 
higher). In these autopsy studies, the disease was most often limited to 
a part of the vertébral column or the pelvis (the only parts of the skel¬ 
eton usually examined at autopsy), and in most subjects, the disease 
had not been diagnosed during life. Between 15% and 40% of affected 
individuals hâve a first-degree relative with the condition, and its 
familial pattern has long since suggested an inherited pattern. 

Recent multicenter molecular genetic studies hâve suggested that 
ubiquitin-associated (UBA) domain-specific mutations in the 
sequestosome 1 ( SQSTM1) gene are a contributory cause of both 
familial and sporadic Pagets disease. 
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FIGURE 7-14 A, Bowing of the leg is often seen in Paget's disease, and in the radiograph (B) of this patient with Paget's disease, it is affecting the tibia 
but not the fibula bone. Overgrowth has resulted in an increase in length of the tibia, associated with bowing. Irregularity of both periosteal and 
endosteal surfaces is clearly seen in this image. C, Macerated tibia in sagittal section shows the thickened coarse quality of both the cortical and 
trabecular bone. 



FIGURE 7-15 Clinical radiograph of a patient with Paget's disease. In the hip, 
there is marked concentric narrowing of the joint space, indicative of 
degenerative joint disease. In addition, note the irregular patchy bone 
sclerosis in the fémoral head in particular. 


Electron microscopie observations of the osteoclasts of patients 
with Pagets disease hâve demonstrated the presence of spécifie 
intranuclear inclusions composed of microcylinders. These inclu¬ 
sions hâve also been found in the giant cells of giant cell tumors 
associated with Pagets disease and are illustrated in Figure 7-17. 
The common finding of virus-like inclusions suggested a slow viral 


disease, and both measles and canine distemper virus hâve been 
implicated. 

Clinical Laboratory Findings 

An élévation of sérum alkaline phosphatase activity (in association 
with the increased osteoblastic activity) to as much as 20 to 30 
times the normal level has been recorded. The acid phosphatase 
level, too, tends to be at its upper limit or even slightly above 
normal. 

The sérum calcium and phosphorus levels are ordinarily within 
normal limits in Pagets disease. However, hypercalciuria and stone 
formation is an occasional complication following prolonged bed 
rest in a patient with extensive bone involvement. Elevated urinary 
hydroxyproline (or pyridinoline) levels can also be expected as a 
conséquence of increased bone tissue breakdown. Régional blood 
flow studies hâve reported increased vascularity, in some instances 
as much as 20 times normal. 

Radiologie and Gross Features 

The radiologie appearance of Paget s disease is variable. In the earli- 
est stages, during which osteoclastic résorption prédominâtes, there 
is a striking radiolucency without any thickening of the bone; in the 
skull, this has been called osteoporosis circurnscripta (Fig. 7-18). In 
the later stages of the disease, when résorption diminishes, the over- 
all density of the bone increases (Fig. 7-19). The trabeculae or the 
cancellous bone can be seen to become thicker, coarser, and more 
irregular. On the other hand, the cortical bone becomes less com¬ 
pact and there is loss of corticomedullary démarcation (Figs. 7-20 
and 7-21). The periosteal and endosteal surfaces become rough and 
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FIGURE 7-16 A, A slice through resected fémoral head shows extensive involvement by Paget's disease and érosion of the cartilage on the médial side. 
Histologie section (B) of the fémoral head (H&E, x 1.25 obj.) and a radiograph (C) of a slice of the specimen. The pagetic bone is seen to hâve a fine and 
disorganized trabecular pattern, which contrasts markedly with the normal cancellous bone that remains in some areas. Close-ups of the articular surface: In 
D, there is normal cancellous bone, subchondral end plate, and articular cartilage. In E, pagetic bone has resulted in an irregular subchondral bone end plate 
with marked thinning of the overlying cartilage. It may be that the accelerated remodeling of the affected subchondral bone has resulted in accelerated 
endochondral ossification of the overlying cartilage, which produces the évident thinning. F, Photomicrograph of the disordered pagetic bone in the subchondral 
région. Note the thickening and irregularity of the tidemark (H&E, x 10 obj.). 


irregular rather than smooth, and there is usually an increase in the 
diameter of the affected bone. 

Radiologie examination of the vertébral bodies may reveal 
either uniformly increased radiodensity suggestive of lymphoma or 
metastatic tumor or, more commonly, a picture frame’ appearance 
(Figs. 7-22 to 7-24). In the pelvis, it is common to find combinations 
of increased density and lytic areas, as well as areas with a honey- 
combed or striated appearance. 

In long bones, the process usually starts at one end, occasion- 
ally both, and spreads toward the center. The junction between 
the normal and diseased bone is demarcated as an advancing 
wedge of raréfaction frequently described as flame like (Figs. 7-25 
and 7-26). 


In long bones, the early phase of the disease may on occasion be 
mistaken for a tumor, especially when the diagnosis of Paget s is not 
considered because of the patients âge (Fig. 7-27). 

In scintigraphie studies, isotope uptake is increased at ail stages 
of the disease (Fig. 7-28). The radiologie diagnosis in established dis¬ 
ease should not be difficult, but in those instances in which the dis¬ 
ease process is limited, it can be, especially in those cases in which 
metastatic cancer is suspected (Fig. 7-29). 

Microscopie Appearance 

Just as with the radiologie appearance, the microscopie appearance 
dépends on the stage of the disease process. It may be divided into 
three phases. The early acute phase of the disease is characterized by 
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FIGURE 7-17 A, Photomicrograph from a giant cell tumor in a patient with Paget's disease. Note the intranuclear éosinophilie inclusions in addition to the 
more clearly defined basophilie nucleoli in the illustrated giant cell (H&E, x 50 obj.). B, An électron photomicrograph of one of the nuclei containing an 
éosinophilie inclusion illustrated in A demonstrates microtubular structures that are generally associated with the myxoma virus (original magnification x 
20,000). (Courtesy of Dr. Howard Dorfman.) 



FIGURE 7-18 Clinical radiograph of a skull. Note the large, circular lytic defect 
involving the posterior half of the skull. Some patchy osteoblastic reaction in 
the bone around the defect can also be seen.This lésion, osteoporosis 
circurnscripta, is a relatively common radiologie présentation of Paget's disease. 


FIGURE 7-19 Clinical radiograph of the skull in the later stages of Paget's 
disease. Marked patchy sclerosis appears in the bone, the diploic architecture 
is lost, and the bone becomes extremely thick, on occasion several times 
thicker than normal. 


large numbers of multinucleate giant osteoclasts, often with 10 to 20 
nuclei that can be seen to be rapidly removing mature bone tissue, 
whereas in other areas, swollen osteoblasts with prominent Golgi 
apparatus, giving them a plasmacytoid appearance, are laying down 
immature woven bone. The marrow spaces are hypervascular with a 
cellular and loose fibrillary stroma. Inflammatory cells are absent. 


The microscopie picture is one of frenetic cell activity, which may be 
impossible to differentiate from hyperparathyroidism (Fig. 7-30). 
However, in most cases, the two conditions may be differentiated 
because in Paget s disease, the osteoclasts are generally bigger, with 
more than 10 to 20 nuclei, and in hyperparathyroidism, there is tun- 
neling résorption (see Chapter 8 on hyperparathyroidism). 
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FIGURE 7-20 This photograph shows a striking example of late, severe Paget's 
disease in which the thickening of the skull, the loss of diploic architecture, and 
the granular pumice-like appearance of the bone can be seen. 



FIGURE 7-21 Paget's disease: close-up of the eut surface of a skull to show 
the loss of cortical bone and an overall spongy appearance. There are also 
large blood-filled lakes that may be présent in pagetic bone. 

This initial, mainly destructive phase is followed by an osteo- 
blastic phase in which new bone formation prédominâtes over 
résorption. Massive trabecular plates are built up to a density 
that is neither cortical nor cancellous in its architecture. The 
increased rate of bone formation and bone résorption results in 
an increased number of reversai fronts or cernent Unes, which, in 
turn, gives rise to the classic ‘mosaic pattern (Fig. 7-31). However, 
the récognition of the mosaic pattern dépends upon the quality 
of staining, and it may be easily overlooked unless one routinely 
uses polarized light for the microscopie examination of bone 
(Fig. 7-32). 

The alteration in microarchitecture, together with the increased 
number of cernent Unes, leads to structural weakness in the tissue 
and facilitâtes the propagation of cracks. Again, studies of the orien¬ 
tation of the collagen in bone by polarized light microscopy reveal 
the discordant nature of the new structure, which may not be so 
apparent without it. 

A final ‘burnt out’ phase is generally described, during which 
cell activity is less intense and vascularity diminished. The micro¬ 
scopie picture is that of heavily trabeculated bone showing a prom¬ 
inent mosaic pattern. Flowever, the turnover rate of the diseased 
bone may not be much greater than that of normal bone, and in 



FIGURE 7-22 Clinical radiograph of the spine shows a solitary focus of 
pagetic bone. There is a loss of height of the vertebra, some increases in the 
width of the vertebra, a typical ‘picture-frame' appearance, and coarse 
trabecular bone. 

this late stage, the marrow may hâve a relatively normal appear¬ 
ance (Fig. 7-33). 

In 1981, Wick and his associâtes reported the Mayo Clinic expé¬ 
rience of malignant degeneration: out of about 4000 patients clini- 
cally diagnosed with Pagets disease over a 50-year period, there 
were about 38 cases of complicating primary malignant bone 
tumors (or 0.95%), the pelvis, humérus, and fémur being the most 
common sites (Figs. 7-34 and 7-35). The sarcoma that develops 
usually shows a mixed pattern of osteosarcoma, fibrosarcoma, 
chondrosarcoma, and malignant histiocytoma; that is, a mixed 
mesenchymal pattern. Sarcoma is a complication not only of wide- 
spread disease but rarely it may be engrafted on monostotic Paget’s 
disease (Fig. 7-36). 

Giant cell tumors (GCTs) may very rarely complicate Paget’s dis¬ 
ease and may be multifocal. Unlike conventional giant cell tumors, 
they appear in the skull, facial bone, and spine (Fig. 7-37). Although 
these tumors appear similar to GCTs, it has been suggested that 
they may be reactive lésions like the “brown tumors” of 
hyperparathyroidism. 

Paget’s disease may also be complicated by other tumors either 
metastatic or primary. Myeloma, lymphoma, and metastatic cancer 
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FIGURE 7-23 Radiograph of the lumbar spine in a 66-year-old man shows 
enlargement of L4 with coarsening of the trabecular pattern and a margin 
sclerosis—the so-called ‘picture framing' characteristic of Paget's disease. 
(Courtesy of Dr. Alex Norman.) 



FIGURE 7-24 Clinical radiograph of a 38-year-old patient who presented 
with reports of vague back pain. In this radiograph, a rather uniform sclerosis 
without évident enlargement is seen in the body of L3; the initial 
radiographie diagnosis was lymphoma. Because of the sclerosis, a needle 
biopsy was obtained, with difficulty, which clearly demonstrated the mosaic 
pattern, marrow fibrosis, and increased osteoclastic résorption typical of 
Paget's disease. This radiologie présentation is decidedly atypical.The more 
usual présentation is shown in Figures 7-22 and 7-23. 


hâve ail been reported in association with Pagets disease, and may 
on occasion need to be differentiated from Pagets sarcoma. 
Pseudosarcomatous lésions, in some cases characterized by florid 
new bone and abundant periosteal bone formation, hâve also been 
described (Fig. 7-38), further emphasizing the need for biopsy in 
cases where tumor is suspected, both for accurate diagnosis and so 
that treatment can be appropriate. 

Juvénile Paget's Disease 

Primary hyperphosphatasia, also known as juvénile Pagets dis¬ 
ease, is a rare congénital autosomal récessive disorder caused by 
mutations in TNFRSF11B (tumor necrosis factor receptor super 
family 11B) encoding osteoprotegerin. The disease is character¬ 
ized clinically by short stature, a propensity to fracture, and 
marked subperiosteal bone formation, which may be confused 
with Caffey s disease (see Chapter 5). Patients with this condition 
hâve markedly elevated levels of sérum alkaline phosphatase and 
acid phosphatase of bone origin, and an elevated level of urinary 
hydroxy proline. 



FIGURE 7-25 A, Radiograph of fémur involved by Paget's disease. The cortex of 
the fémur in the left proximal portion is irregularly thickened and more porotic 
than that in the distal part.At the junction between the involved upper bone 
and the normal lower bone, note a flame-shaped advancing edge. 


(Continued) 
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Pagetic bone 


Normal cortex 


FIGURE 7.25 — CONT'D B, Gross photograph. C, Histologie section of the advancing edge of involved bone—note the involved fibrotic and pagetic bone 
eroding the normal bone cortex (H&E, x 2.5 obj.). 


On radiographie examination, a thickened slcull with cotton bail’ 
radiodensities may be seen. The long bones often exhibit an increase 
in width and loss of normal corticomedullary différentiation. These 
features are the resuit of the marked subperiosteal overgrowth. 
Bowing due to fractures may be présent (Fig. 7-39). 



Morphologie studies reveal that both the cortical and trabecular bone 
consists of immature or woven bone, with abundant osteoblasts and 
osteoclasts and prominent osteoid seams. The marrow space is replaced 
by a well-vascularized fibrous connective tissue network. Using polar- 
ized light, a mosaic pattern of the bone matrix can be observed. 



FIGURE 7-26 In this latéral radiograph of the leg of a 55-year-old woman FIGURE 7-27 Radiograph and isotope scan of the forearm of a 25-year-old 

with Paget's disease of the distal tibia, an obvious junction is seen between woman who suffered a fracture of the radius after lifting her 3-year-old son.The 

the involved cortex and the noninvolved cortex, where there is a flame-like or diffuse demineralization and altered trabecular pattern resulted in a differential 

wedged outline. (Courtesy of Dr. Alex Norman.) diagnosis that included round cell tumor, infection, and adamantinoma.A biopsy 

showed this to be Paget's disease (<4% of individuals with Paget's présent 
younger than âge 40 years). (Courtesy of Dr. Howard Dorfman.) 
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FIGURE 7-28 Scintigram shows increased "Te uptake in a fémur involved FIGURE 7-29 This 50-year-old man presented with a painful warm, red tibia 

with Paget's disease. In this image, it is possible also to appreciate some that was hot on scintigraphy, clinically diagnosed as Paget's disease. Biopsy 

bowing of the fémur as well as varus deformity of the hip. proved the lésion to be metastatic prostate carcinoma. 



FIGURE 7-30 A, Photomicrograph demonstrates the acute phase of Paget's disease with very active osteoclastic résorption, marrow fibrosis, and formation of new 
bone (H&E, x 4 obj.). B, Note the huge multinucleate osteoclasts and the cytoplasmic clear areas in the osteoblast, which represent the prominent Golgi apparatus 
associated with increased bone matrix production (H&E, x 25 obj.). 


Hyperphosphatasia is distinguished clinically from Pagets dis¬ 
ease by its early onset and the generalized symmetric bone 
involvement. 

RARE FORMS OF OSTEOSCLEROSIS OF UNKNOWN 
ETIOLOGY BOTH LOCALIZED AND GENERALIZED 

Localized Monomelic Medullary Osteosclerosis 

This rare entity has been most often reported in the leg. The patients 
presented with mild to moderated pain in lower extremity that was 
made worse by exercise. The pain was accompanied in some cases 
by a feeling of warmth in the affected area. Both children and young 
adults hâve been affected. None had a history of infection or trauma. 


The affected area was generally the middle or lower tibia. 
Radiographically increased bone density was apparent and isotope 
studies showed increased uptake. Computed tomography (CT) 
scans hâve shown increased medullary density. Biopsy has shown 
irregular and disorganized woven bone. The condition appears to be 
nonprogressive (Fig. 7-40). 

Camurati-Engelmann Disease (Progressive Diaphyseal 
Dysplasia) 

The clinical features of Camurati-Engelmann disease are painful 
lower limbs, a waddling gait, and wasting muscles. The disease is 
usually hereditary, with an autosomal dominant mode of transmis¬ 
sion with mutation in the transforming growth factor beta 1 (TGF[il ) 
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FIGURE 7-31 Photomicrograph demonstrates the thick, irregular plates of 
bone formed in Paget's disease. In this section, the basophilie cernent lines 
are clearly seen. Note the microcracks that occur at the site of the cernent 
lines and resuit in structural weakness (H&E, x 10 obj.). 


gene. The symptoms usually become manifest early in life, com- 
monly before the âge of 10 years. However, occasional cases hâve 
been reported in which the patient s âge at diagnosis has been as late 
as the fifth decade. 

The disease is diagnosed primarily on the basis of radiologie 
examination. Symmetric sclerosis is observed, and often a fusiform 
enlargement of the diaphysis of the long bones, especially the fémur 
and tibia (Fig. 7-41). The epiphyses are spared. There may also be 



FIGURE 7-32 A, Histologie features of the late stages of Paget's disease. It 
can be difficult to appreciate the mosaic pattern, either because the tissue 
has been overdecalcified or because the staining is not adéquate to show the 
basophilie lines clearly (H&E, x 10 obj.). B, When the same field is examined 
by polarized light using a first-order red filter, the disorganized pattern of the 
bone structure is clearly demonstrated. 



FIGURE 7-33 A, Photomicrograph showing a fragment of cancellous bone and cellular bone marrow that at first sight might be passed over as normal. 
However, when examined using polarized light (B), the discordant arrangement of the collagen fibers should alert the pathologist to the possibility of Paget's 
disease (H&E, x 10 obj.). C, A higher power photomicrograph to show disorganized pattern and irregular cernent lines (H&E, x 25 obj.). 
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FIGURE 7-34 A, Clinical radiograph of a patient with widespread Paget's disease of the skeleton showing, in addition, at the proximal end of the humérus, a 
destructive lytic lésion, and a pathologie fracture indicating sarcomatous degeneration. B, High-power view of a biopsy from the patient in A shows a 
pleomorphic spindle cell tumor with many giant cells, which is typical of the histologie appearance of Paget's sarcoma (H&E, x 25 obj.). 



FIGURE 7-35 Radiograph of the skull of a patient with Paget's disease who 
had developed over the previous few months a large firm mass over the vault 
of the skull. Biopsy showed this to be a Paget's sarcoma. 

changes in the skull, and rarely in the pelvis, mandible, clavicle, ribs, 
spine, metacarpals, and phalanges (Fig. 7-42). 

The disorder is characterized histologically by a thickened cor¬ 
tex, which results mainly from increased endosteal new bone forma¬ 
tion. However, periosteal new bone formation is sometimes 


observed. In children, the enlargement of the cortex of the bone pro¬ 
duces a narrowed medullary cavity that, if the narrowing is severe 
enough, may lead to extramedullary hematopoiesis and eventual 
hepatosplenomegaly. 

The sérum chemistries in patients with Camurati-Engelmann dis¬ 
ease are usually reported as normal, although an increase in the level 
of alkaline phosphatase (of bone origin) is sometimes observed. 

Generalized Osteosclerosis of Obscure Etiology 

Very rare cases of generalized osteosclerosis associated with severe 
and unremitting bone pain hâve been seen associated with hepatitis 
C infection. Such a case is illustrated in Figure 7-43. 


Ostéopénie Conditions 


GENERALIZED OSTEOPOROSIS 

Osteoporosis may be defined as low bone mass associated with 
microarchitectural détérioration of bone tissue leading to 
enhanced bone fragility and an increase in fracture risk. Decreased 
mass of the mineralized skeleton (osteopenia) is a nonspecific 
condition that may resuit from any of a number of causes, includ- 
ing minerai and collagen disturbances, hématologie and endo¬ 
crine abnormalities, neoplastic disorders, or immobilization 
(Table 7-1). 

In most people the amount of bone tissue in the skeleton 
decreases with âge (Fig. 7-44). This decrease is more clinically sig¬ 
nifiant in women than in men, and in whites and Asians than in 
blacks. This is because, in general, men and blacks start out with a 
higher bone density and also because of the association of increased 
bone loss with the onset of ménopausé in a significant number of 
women. 
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FIGURE 7-36 Spinal radiograph (A) of a 58-year-old woman with a 2-month history of low back pain. She had undergone hysterectomy for cervical carcinoma 
14years earlier.A patchy sclerotic and lytic appearance was noted, which was interpreted to be consistent with metastatic disease. However, there was some 
widening of the body, which is uncharacteristic of metastatic disease. Needle biopsy showed an anaplastic tumor with many giant cells, consistent with Paget's 
sarcoma; foci of bone obtained with this biopsy showed the typical mosaic pattern of Paget's disease. The patient died approximately 4 months later. Autopsy 
revealed local extension of the tumor, which involved Tl 2 and L2, and compression and encasement of the vena cava. Extensive lung métastasés had the 
pattern of a Paget's sarcoma. An H&E section (B) of a portion of bone adjacent to the tumor shows increased numbers of cernent lines within the bone. In the 
polarized section (C) of the same field, the disorganized bony architecture is obvious (H&E, x 4 obj.).This case is significant because it demonstrates that even 
in monostotic Paget's disease, a sarcoma may rarely occur as a complication. 



FIGURE 7-37 A, Myelogram of the spine in a patient with Paget's disease (note the irregular coarse density of several vertébral bodies clearly seen in the 
pedicles).The myelogram shows an occlusion at the level of L1 with displacement of the dura by a soft tissue mass. B, Photomicrograph of tissue obtained from 
a biopsy of this mass reveals a conventional giant-cell tumor (H&E, x 10 obj.). 
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FIGURE 7-38 Radiograph of the fémur from a patient with Paget's disease shows 
an expanded lytic area that seemed to indicate the development of a sarcoma; 
however, biopsy showed that this area was formed entirely of reactive tissue. 


It is a remarkable thing that it is only over the past 25 years that 
osteoporosis has corne to be recognized as a major public health 
threat. 

Age-related osteopenia that results in fracture (usually vertébral 
crush fractures, Colles’ fractures, or fémoral neck fractures) is gen- 
erally referred to as osteoporosis and is twice as common in women 
than in men. In about a third of women with osteoporosis, it is 
related to the ménopausé. These two common types of osteoporosis 
hâve been classified by Riggs and his colleagues on the basis of their 
different clinical findings as type I osteoporosis (postmenopausal) 
and type II osteoporosis (senile or âge related). In postmenopausal 
osteoporosis, bone loss is rapid and has been associated with 
increased osteoclastic activity. (It appears that estrogen normally 
acts as a block to a second messenger from the osteoblast to the 
osteoclast when the former is stimulated by parathormone. Thus, 
estrogen deficiency may indirectly increase the sensitivity of the 
osteoclasts to parathyroid hormone.) In senile osteoporosis, bone 
loss is slow but relentless, and has been associated both with 
decreased synthesis of bone matrix by the osteoblasts as well as 
increased osteoclastic activity (Table 7-2). 

It should be recognized that many factors affect bone tissue 
loss; particularly important are physical activity level and diet. The 
maintenance of skeletal mass is especially affected by activity lev- 
els. Daily weight-bearing activity is essential to the health of the 
skeleton, and mechanical weight-bearing stress is perhaps the most 
important exogenous factor affecting bone development and bone 
modeling. An interesting example of this process has been observed 



FIGURE 7-39 A, Radiograph of the skull in an 11-year-old patient with hyperphosphatasia (juvénile Paget's disease). Note the marked thickening of the 
calvaria and the ‘cotton bail' radiodensities throughout. B, Radiograph of the pelvis and upper fémurs demonstrates marked thickening of the shafts of the 
fémurs, with bowing of the fémur and a dense irregular cortex. C, Photomicrograph of bone biopsy from the patient shown in A and B. The bone is somewhat 
immature, with large irregular cells. Note prominent cernent lines and many osteoblasts on the bone surface (H&E, x 25 obj.). 
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FIGURE 7-40 A, Radiograph of the left leg of a 12-year-old boy who had complained of pain in the leg for 3 weeks.The boy had no systemic symptoms. 
Température, sédimentation rate, and white blood cell count were normal. B, Computed tomography scan shows mineralization of the medullary space. C, 
Photomicrograph of biopsy material from the medullary space shows woven bone and loose fibrovascular tissue (H&E, x 10 obj.). D, Photomicrograph of the 
same field shown in C demonstrates a thin layer of lamellar bone covering the woven bone (polarized light microscopy, x 10 obj.). 


in astronauts. The marked réduction in gravitational field that 
results in the weightless environment of space flight leads to pro- 
found and rapid loss of skeletal and muscle mass. In everyday expé¬ 
rience, a sedentary person is more likely to become osteoporotic 
than a person who engages in some form of weight-bearing 
exercise. 

An adéquate balanced diet is essential, and lack of it is an impor¬ 
tant contributor to disease. It has been said that the average American 
woman has a calcium intake of between a third and a half of her total 
daily requirement. Chronic calcium deficiency in the diet leads to 
increased sécrétion of both parathyroid hormone and the hormon- 
ally active form of vitamin D, l,25(OH) 2 D (see Chapter 8), both of 
which stimulate osteoclastic activity. Excessive alcohol consumption 
and smoking also contribute to osteoporosis. 

The characteristic radiologie features in patients with osteoporo¬ 
sis are thinning of cortical bone and generalized raréfaction of the 
skeleton (Fig. 7-45). In postmenopausal osteoporosis, bone loss is 


mainly of cancellous bone, with less cortical bone loss, whereas in 
senile, age-related osteoporosis both cancellous and cortical bone 
loss are présent. (As the cortex becomes thinner, the overall diameter 
of the bone tends to increase to maximize mechanical efficiency.) 

In the vertébral column, there is thinning and eventual disap- 
pearance of the transverse trabeculae and subséquent thickening of 
the vertical trabeculae, followed later by the thinning of these trabe¬ 
culae as well (Fig. 7-46). Compression fractures occur, giving rise to 
the widening of the intervertébral dise, the so-called Tish-mouth' 
appearance (Fig. 7-47). In general, the lower thoracic and upper 
lumbar vertebrae are most affected. Radiologie surveys hâve shown 
that about 20% of men and 30% of women older than âge 60 hâve 
compression fractures of the vertébral bodies. Therefore, back pain 
associated with loss of height due to vertébral compression and 
increased thoracic kyphosis are common manifestations. 

Bone mass is one of the major déterminants of bone strength, 
and its quantification is prédictive of future fracture risk. (In this 
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FIGURE 7-41 Bone scan de mon strates increased diaphyseal uptake over the 
fémurs and tibias bilaterally in a case of hyperostosis generalisata. 



FIGURE 7-42 Radiograph of the hands of a child with Camurati-Engelmann 
disease illustrâtes the cortical sclerosis and fusiform enlargement of the 
metacarpals typical of this disease. 

regard, Carter and Hayes hâve shown that the compressive strength 
of trabecular bone is proportional to the square of its apparent den- 
sity. Thus, if the density decreases by a factor of two, the compres¬ 
sive strength decreases by a factor of four.) 

Because vertébral bone loss has to be approximately 30% before it 
can be radiologically detected, radiologists hâve long sought spécial 
techniques for the évaluation of bone mass, density, and calcium con¬ 
tent. Several methods hâve been widely used for assessing the bone tis- 
sue mass based on measurements of bone minerai content, including: 



FIGURE 7-43 A, Radiograph of a 49-year-old man with a 3-year history of bone pain. Note the markedly thickened, dense cortex, which is more clearly defined 
than the thickened but sponge-like bone of Paget's disease. In this patient, the sérum calcium and phosphate levels were within normal limits, although the 
alkaline phosphatase level was persistently elevated (up to 1600 mll/mL). B, Photomicrograph of a cortical biopsy from this patient. Bone surfaces are covered 
by a thin layer of osteoid, indicating increased bone formation. The endosteal surface {right) appears hypercellular with respect to ostéocytes. The bone is 
lamellar, with no increase in cernent lines, differentiating this from Paget's disease (undecalcified bone, Goldner stain, x 4 obj.). C, Photomicrograph taken at a 
higher power to demonstrate the prominent osteoblasts lining the endosteal surface of the bone together with a moderately thick layer of unmineralized 
osteoid (undecalcified section, Goldner stain, x 25 obj.). 
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TABLE 7-1 Causes of Osteopenia 


Type of Defect 

Spécifie Cause 

Disuse 

Prolonged bed rest 

General inactivity 

Prolonged casting or splinting (localized 
osteoporosis) 

Angiodystrophy (localized osteoporosis) 

Para lys is 

Paraplegia, quadriplegia, hemiplegia, lower 
motor neuron disease 

Space travel weightlessness 

Diet 

Deficiency of calcium, protein, vitamin C 

Anorexia nervosa 

Drugs 

Heparin 

Methotrexate 

Ethanol 

Glucocorticoids 

Idiopathic 

Adolescent (10-18 years) 

Middle-aged man 

Genetic disorders 

Osteogenesis imperfecta 

Homocystinuria 

Chronic illness 

Rheumatoid arthritis (juvénile, adult) 

Cirrhosis 

Sarcoidosis 

Rénal tubular acidosis 

Neoplasms 

Metastatic cancer 

Bone marrow tumors 

Myeloma 

Lymphoma 

Leukemia 

Mastocytosis 

Endocrine 

Pituitary hypersécrétion tumor 

abnormalities 

Ad rénal cortex 

Glucocorticoid excess (hyperplasia, tumor, 
iatrogénie) 

Ovary 

Estrogen deficiency (postmenopausal, 
genetic, ovariectomy) 

Testis 

Testosterone deficiency (genetic, castration) 
Parathyroid 

Hyperparathyroidism (primary, secondary) 
Thyroid 

Hyperthyroidism 

Postmenopausal 

Type 1 osteoporosis 

Correlated 

Type II osteoporosis (male or female) 


1. Single-photon absorptiometry, performed for the assessment 
of cortical bone in the appendicular skeleton, uses the isotope 
iodine 125 ( 125 I) as a source of photons, which are then passed 
through the forearm. The atténuation of the beam is measured 
by a scintillation counter. 

2. Dual x-ray absorptiometry (DXA) was introduced commer- 
cially in 1987, and at présent, is probably the most widely used 
System for measuring skeletal mass. With this System, two 
distinct energy level beams are generated. The preferred ana¬ 
tomie sites for DXA measurement of bone mass include the 
lumbar spine, proximal fémur, and the whole body, but other 
parts, such as the forearm and calcaneus, can also be scanned. 
When measuring the spine, it is important to realize that aor- 
tic calcification, degenerative arthritis of the spine, or both, 




FIGURE 7-44 Specimen radiographs of 2-mm slices through the vertébral 
body of T2. A, The first specimen represents normal bone texture, density, 
and pattern. B, The second specimen shows a moderate degree of osteopenia, 
with accentuation of the vertical trabeculae and sélective loss of the 
horizontal trabeculae. C,The third specimen shows severe osteoporosis, with 
irregular thin trabeculae and partial central collapse of the superior end plate. 


may contribute to falsely high readings, as may vertébral com¬ 
pression fractures, where the porosity may be masked owing 
to compaction of the trabeculae and formation of fracture 
callus (Fig. 7-48). 

3. Quantitative CT scanning (QCT) allows densitométrie mea- 
surements of cross-sections of a vertébral body, which are 
then compared with a phantom. Besides its usefulness in mea¬ 
surement of bone minerai density, QCT is an imaging tech¬ 
nique that can provide structural information on the régions 
examined. 

One of the problems with measuring local bone mass results 
from the lack of structural homogeneity, which is dramatically illus- 
trated in a normal vertébral body from a healthy 19-year-old man in 
Figure 7-49. 

Morphometric analyses of standardized bone biopsies allow 
quantification of the cell parameters, the amount of bone prés¬ 
ent, and the degree to which osteoid is présent on the surfaces of 
the trabecular and cortical bones hâve led to the characterization 
of some of the types of osteoporosis (Fig. 7-50). Although cell 
activity, that is, relative and absolute osteoblast and osteoclast 
counts, is usually low in senile osteoporosis, indicating a rela- 
tively inactive State, it may sometimes be high. In more than 15% 
of patients, this increased activity is associated with normocalce- 
mic, normophosphatemic hyperparathyroidism. An additional 
subgroup of osteoporotic patients is noted to hâve increased 
osteoid surfaces (Fig. 7-51). Because this increased osteoid does 
not seem to be associated with an increased rate of bone forma¬ 
tion, it must be related to a mineralization defect, the nature of 
which is at présent unclear. In disuse osteoporosis, the most 
dramatic initial finding is an increase in the number of resorp- 
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TABLE 7-2 Involutional Osteoporosis 


Postmenopausal 

Age-related 

(Type 1) 

(Type II) 


Epidemiologie Factors 


Age 

55-75 years 

>70 years (F); >80 
years (M) 

Sex (F:M) 

6:1 

2:1 

Bone Physiology or Metabolism 


Pathogenesis of 
uncoupling 

Increased osteoclast 
activity; î résorption 

Decreased osteoblast 
activity; i formation 

Net bone loss 

Mainly trabecular 

Cortical and trabecular 

Rate of bone loss 

Rapid/short duration 

Slow/long duration 

Bone density 

> 2 standard déviations 
below normal 

Low normal (adjusted 
for âge and sex) 

Clinical Signs 



Fracture sites 

Vertebrae (crush), distal 
forearm, hip 
(intracapsular) 

Vertebrae (multiple 
wedge), proximal 
humérus and tibia, hip 
(extracapsular) 

Other signs 

Tooth loss 

Dorsal kyphosis 

Laboratory Values 

Sérum Ca ++ 

Normal 

Normal 

Sérum P. 

Normal 

Normal 

Alkaline 

phosphatase 

Normal (T with fracture) 

Normal (T with 
fracture) 

Urine Ca ++ 

Increased 

Normal 

PTH function 

Decreased 

Increased 

Rénal conversion 
of 25(OH)Dto 
1,25(OH) z D 

Secondary decrease due 
to i parathyroid 
hormone 

Primary decrease 
due to decreased 
responsiveness of 
1-oc-OH 

ase 

Gastrointestinal 
calcium absorption 

Decreased 

Decreased 

Prévention and Treatment 
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tive surfaces (Fig. 7-52). In steroid-induced osteoporosis, osteo- 
clastic activity is high, with relatively normal bone formation 
(Fig. 7-53). 

The striking feature of osteoporotic bone on microscopie exami¬ 
nation is not only the diminution of trabecular thickness but also the 
lack of connectivity of the trabeculae with often just sparse islands of 
short pièces of bone tissue (Fig. 7-54). Many of the trabeculae will be 
seen to hâve pointed ends where the bone has been eroded by 
increased osteoclastic activity (Fig. 7-55). 

Until recently, only a bone biopsy could adequately evaluate the 
activities of osteoclasts and osteoblasts, factors that are critical in 
the assessment of osteoporosis and the détermination of a suitable 
mode of treatment. However, at présent, there are excellent 



FIGURE 7-45 Radiograph of severe osteoporosis in the pelvis and fémur. 
Note the thin cortices that outline the residual cancellous bone, in which its 
density is only slightly different from that of the surrounding soft tissues. 
There is a recent fracture of the fémoral neck, which, as is often the case, has 
drawn attention to the severe osteoporosis in this patient. 



FIGURE 7-46 Biconcavity or'codfish vertebrae,' seen here on the latéral 
view of the thoracolumbar spine in an 80-year-old woman with osteoporosis. 
The deformities resuit from weakness of the vertébral end plates and 
intravertébral expansion of nuclei pulposi. 
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FIGURE 7-47 Photograph of a sagittal section of a macerated thoracic 
spine demonstrates the various patterns and degrees of collapse that may 
be seen within the vertébral bodies. In the upper part of the segment, there 
is flattening of the vertébral bodies with some anterior wedging. In the 
lower part, the more typical biconcave compression fractures of the central 
end plates, which give rise to the so-called 'fish-mouth' vertebrae, are 
visible. 



FIGURE 7-48 Photomicrograph taken from a vertébral body in a patient 
with osteoporosis shows a microfracture of one of the trabeculae. 
Surrounding the fractured trabecula is a small microcallus. In patients with 
osteoporosis, such microfractures are abundant in the vertébral bodies (H&E, 
x 4 obj.). 


biochemical tools for measuring bone breakdown, especially the 
N-telopeptide level in the urine. 

The treatment of osteoporosis should, insofar as possible, be 
directed toward the underlying etiology. Long-term corticosteroid 
therapy, excessive alcohol intake, and endocrinopathies such as 



FIGURE 7-49 A, A radiograph of a sagittal section through a vertébral body 
in a 19-year-old man. Note the variation in the cancellous bone mass. B, A 
cross-section through the center of the vertébral body may suggest 
osteoporosis when compared with the densely packed cancellous bone close 
to the vertébral end plate (C). 


hyperthyroidism account for a significant number of cases of osteo¬ 
porosis and should be corrected medically as far as possible. In 
patients with idiopathic osteoporosis, a number of therapeutic 
agents hâve been used with various degrees of success. Exercise is 
crucial in maintaining skeletal integrity. Calcium supplémentation 
corrects the relative calcium deficiency in the postmenopausal State. 
At présent, most emphasis is placed on the suppression of osteoclas- 
tic activity (e.g., by the use of calcitonin and bisphosphonates) and 
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FIGURE 7-50 A,Transiliac biopsy of normal bone demonstrates a cortical 
bone volume of 20.3% and a trabecular bone volume of 37.2% 
(undecalcified bone, von Kossa, x 1.5 obj.). B,Transiliac biopsy of a patient 
with moderate to severe osteoporosis. Morphometric analysis shows a 
cortical bone volume of 7% and a trabecular bone volume of 13% 
(undecalcified bone, von Kossa, x 1.5 obj.). 



FIGURE 7-51 Photomicrograph to demonstrate increased osteoid in a case 
of inactive osteoporosis. Increased osteoid is sometimes présent in 
osteoporotic bone and is usually not associated with any biochemical 
evidence of disturbed vitamin D metabolism (undecalcified section, von 
Kossa, x 10 obj.). 

the stimulation of osteoblastic activity (e.g., by the use of oral phos¬ 
phates or teriparatide parathormone). Although estrogen replace¬ 
ment therapy seems to be theoretically Sound, its link with atypical 
endométrial changes and carcinogenesis has limited its use for the 
treatment of osteoporosis. 

LOCALIZED (TRANSIENT) OSTEOPOROSIS 

In 1900, Sudeck described a transient yet painful condition of the 
lower extremity associated with radiographie evidence of localized 
juxta-articular osteopenia. The disease occurred without obvious 



FIGURE 7-52 Photomicrograph of bone tissue obtained from a patient with 
inactive (senile) osteoporosis demonstrates the fiat, inactive osteoblasts 
lining the bone, together with an inactive résorption surface (undecalcified 
section, Goldner, x 10 obj.). 



FIGURE 7-53 Photomicrograph of bone tissue obtained from a patient with 
active postmenopausal osteoporosis demonstrates active osteoclastic surface 
résorption (undecalcified section, Goldner, x 25 obj.). 

cause, although it was possibly related to trauma (Fig. 7-56). This 
syndrome, usually known as Sudecks atrophy, has been related to a 
reflex sympathetic dystrophy. The symptoms, often involving the 
entire extremity, include pain, hyperesthesia, and tenderness and are 
frequently debilitating. The pain varies in severity and character, and 
is associated with swelling and a decreased range of motion in neigh- 
boring joints. The skin may be clammy, cyanotic, and painful to the 
touch. 

In 1959, Curtiss and Kincaid reported a number of cases of a 
painful localized and transient osteoporosis that involved the hip 
joints of prégnant women (Fig. 7-57). Since that time, it has become 
apparent that this may occur without pregnancy and that middle- 
aged men are also sometimes affected by a similar condition. A 
migratory form of transient osteoporosis has also been reported, 
which rather than being restricted to the hip may affect the knee as 
well as the foot and ankle (Fig. 7-58). This form, which is also associ¬ 
ated with swelling of the affected part, has been called régional 
migratory osteoporosis. In ail of these syndromes, the radiographie 
lésions tend to be juxta-articular. 

Laboratory findings are unremarkable. Magnetic résonance imag- 
ing (MRI) in these cases of transient osteoporosis reveals evidence of 
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FIGURE 7-54 A, Vertébral bone biopsy showing sparse attenuated 
trabeculae (H&E, x 4 obj.). B, In a higher power view of the same material, 
the disconnectedness of the trabeculae as well as attenuated appearance 
can be appreciated (H&E, x 10 obj.). 



FIGURE 7-55 Trabecular perforation by osteoclasts activity results in 
trabecular disconnects (H&E, x 25 obj.). 

extensive bone marrow edema. The involved areas show an increased 
uptake of isotope on technetium bone scanning, and this increased 
uptake may predate the radiologie evidence of osteopenia by some 
months. Histopathologie findings hâve been only infrequently 
reported; however, microscopie examination of histologie sections 
has shown thinned-out bone trabeculae with evidence of osteoclastic 
bone résorption and hypervascularity of the marrow space (Fig. 
7-59). In some cases of transient osteoporosis, biopsy has demon- 



FIGURE 7-56 A and B, Imaging studies of a foot in a patient with reports of severe pain localized to the foot and ankle following trauma. Note the patchy 
osteopenia and (C) increased isotope uptake, particularly in juxta-articular locations. D, Gross specimen of a section through the foot reveals marked 
hyperemia in patches, but particularly juxta-articularly. E ( Radiograph of a slice of the specimen is shown and demonstrates that the osteopenia corresponds to 
the hyperemic areas. 
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FIGURE 7-57 Radiograph of the pelvis of a woman with transient 
osteoporosis, who had complained for some months of severe pain and 
weakness in the right hip. Note the osteolysis affecting both sides of the hip 
joint. 

strated evidence of fat necrosis and fibrosis in the marrow, suggestive 
of an episodic ischémie etiology. If indeed the condition is related to 
episodic ischemia, then the hyperemia and increased osteoclastic 
activity that has been observed may be regarded as secondary repara- 
tive phenomena. Recent reports hâve suggested that the condition is 
due to nondisplaced intraosseous trabecular fractures similar to 
those seen in insufficiency fractures (see Chapter 11) and this, too, 
would explain the reported microscopie findings. 

Because the lésions usually remit spontaneously within a year or 
two, the importance of this disorder rests in recognizing its benign 
nature. It should not be confused with diseases such as osteomyelitis 



FIGURE 7-59 Photomicrograph of tissue obtained from a patient with 
transient osteoporosis. There is severe thinning of the bone due to increased 
osteoclastic résorption and the marrow shows ischémie changes with 
breakdown of the fat cells (H&E, x 10 obj.). 

or metastatic cancer, which it may mimic radiologically. Treatment 
with bisphosphonates or calcitonin hâve reported to be successful. 

IDIOPATHIC OSTEOLYSIS 

Primary idiopathic osteolysis is very rare. It is characterized by the 
spontaneous onset of bone résorption without any obvious cause. 
Bones that previously appeared normal begin to undergo partial or 
complété résorption. This process may continue for years, until 
eventually it ceases spontaneously. The end resuit is severe defor- 
mity and serious functional disability. 



FIGURE 7-58 A, Radiograph of the left knee of a 61-year-old woman who developed severe pain of acute onset in the knee without any obvious local trauma, 
systemic disease or other antécédent event.The pain was aggravated by weight-bearing and disturbed normal sleep. An area of poorly defined lucency in the 
distal fémur corresponded to increased uptake on a bone scan (B). The differential diagnosis at présentation was tumor or infection. Biopsy revealed a 
microscopie change in the bone most consistent with transient osteoporosis, and over the followingyear, the symptoms resolved. 
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Torg and associâtes hâve classified the ostéolyses into four types: 
hereditary multicentric osteolysis with dominant transmission, 
hereditary multicentric osteolysis with récessive transmission, 
idiopathic nonhereditary multicentric osteolysis with nephropathy, 
and Gorhams massive osteolysis. 

Gorham's Massive Osteolysis 

In 1955, Gorham and Stout reported 24 patients who presented with 
a monocentric, massive osteolysis. This disease, known as Gorhams 
osteolysis, disappearing bone disease, or vanishing bone disease, 
may start at any âge and has no familial incidence. 

Massive osteolysis is characterized radiographically by localized 
progressive and extensive réduction in bone density, and morpho- 
logically by the replacement of osseous tissue with fibrous tissue and 
thin-walled dilated vascular channels. Generally detected initially in 
children or young adults, the disorder usually affects the appendicu- 
lar skeleton and is often confined to a single bone or to two or more 
bones centered around a joint. The shoulder and hip are the most 
common sites of involvement. The clinical course is protracted but 



FIGURE 7-62 Photomicrograph of tissue obtained from a bone involved by 
Gorham's disease shows hypervascular tissue with an angiomatous 
appearance. No residual bone is présent in this section (H&E, x 4 obj.). 



FIGURE 7-60 Radiograph of the pelvis of a young woman complaining of 
weakness of the hip. As can be seen from the radiograph, extensive bone loss 
involves most of the hemipelvis.The upper fémur is also severely porotic. 



FIGURE 7-63 Radiograph taken ten years after onset of symptoms in a 
patient with massive osteolysis reported by Bickel and Broders in 1947. 

(From Bickel WH, Broders AC: Primary lymphangioma of the ilium: Report of 
a case. J Bone Joint Surg Am 1947;29:517-22. Reprinted with permission from 
The Journal of Bone and Joint Surgery, Inc.) 



FIGURE 7-61 Bone biopsy from a patient with disappearing bone disease, 
adjacent to the site of involvement. Note the presence of large dilated 
vessels in the marrow spaces (H&E, x 4 obj.). 



FIGURE 7-64 A, Radiograph of specimen of first case of massive osteolysis 
preserved in Warren Muséum, Harvard Medical School. B and C, Clinical 
photographs of patient showing wasting of right shoulder girdle. (From 
Bullough PG: Massive osteolysis. NY State J Med 1971;71:2267-78. Reprinted 
with permission from the Medical Society of the State of New York.) 
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rarely fatal, with eventual stabilization the most common outcome. 
Patients may complain of a dull aching pain or the insidious onset of 
progressive weakness. Radiologie examination reveals initial 
intramedullary and subcortical ill-defined lucent areas, with a sub¬ 
séquent loss of density extending from one end of the bone to the 
other. Reactive bone formation is not évident. Characteristic shrink- 
age or tapering of the long bones may occur (Fig. 7-60). 


Reported descriptions of whole surgical specimens hâve fea- 
tured thin, tapered, soft bone, and in specimens in which the min- 
eralized bone has entirely disappeared, a fibrous band may be seen 
to replace the original bone. Biopsies of earlier lésions hâve 
revealed hypervascular fibrous connective tissue replacing bone; 
the proliférative vessels may be capillary, sinusoidal, or cavernous 
(Figs. 7-61 to 7-64). 



Bone Disease 
Resulting from 
Disturbances in 


Ivar Sandstrom (1852- 
1889). In 1880, Sandstrom 
published a paper “On a New 
Gland in Man and Several 
Mammals—Glandulae Para- 
thyroideae.” He had origi- 
nally made this discovery 
while still a medical student 
(From the Wellcome Library, 
London.) 


Frederik Daniel von 
Recklinghausen (1833- 
1910). In 1891, in a fest- 
schrift in honor of the 75th 
birthday of Rudolf Vir¬ 
chow, von Recklinghausen 
published the case of a 
40-year-old man who had 
died following a protracted 
course of fractures, severe 
bone pain, and wasting 
disease. At autopsy there 
were widespread fibrosis, 
cyst formation, and brown 
(giant) tumors affecting 
the skeleton as a whole. 
In the autopsy notes was 
the following: “Above the 
left thyroid gland a lymph 
gland, red-brown in color is 
présent.” (From the BIUM 
Collection de Portraits.) 


Edward Mellanby (1884- 
1955). Research conducted 
by Sir Edward Mellanby led 
to the discovery that rickets 
is a disease of malnutrition, 
curable with regular doses 
of cod liver oil. Scientist 
later determined that the 
condition is a resuit of vita- 
min D deficiency. (Photo- 
graph by J. Russell & Sons, 
1943. From the Wellcome 
Library, London.) 
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Calcium and phosphate hâve crucial rôles in many physiologie 
processes. Intracellular phosphate esters are important in the 
génération and transfer of cellular energy. Calcium is essential to 
neuromuscular function, cardiac function, and blood clotting. In 
addition, calcium is an obligatory coenzyme in many processes and 
contributes to the continuing integrity of cell membranes. About 
85% of the bodys phosphate and 99% of its calcium are contained 
within the bone as hydroxyapatite. 

Calcium homeostasis, which is mainly under the control of the 
endocrine System, parathyroid hormone (PTH), vitamin D, and 
calcitonin (CT), dépends on the normal functioning of the target 
organs, that is, the intestines, kidneys, and bone cells. Two prin¬ 
cipal patterns of bone disease are associated with disturbed cal¬ 
cium homeostasis: osteitis fibrosa cystica (von Recklinghausens 
disease) (Fig. 8-1) and hyperosteoidosis (osteomalacia and rickets) 
(Fig. 8-2). 


Osteitis fibrosa cystica may resuit from either overproduction 
of parathormone by an adenoma, carcinoma, or primary hyper- 
plasia of the parathyroid glands (primary hyperparathyroidism) or 
stimulation of the parathyroids by disease elsewhere (secondary 
hyperparathyroidism). 

The most important cause of secondary hyperparathyroidism is 
chronic rénal disease, (first, because glomerular filtration and rénal 
tubule reabsorption maintain the levels of sérum calcium and phos- 
phorus as well as acid-base equilibrium; second, because of the rôle 
the rénal tubules play in the hydroxylation of vitamin D). 

Rarely, secondary hyperparathyroidism may also resuit from 
phosphate deficiency or any disease that markedly increases 
bone formation (e.g., generalized Pagets disease) or retards min- 
eralization of osteoid (e.g., aluminum-induced bone disease). 

This chapter considers, first, normal calcium and phosphorus 
homeostasis and, second, those diseases characterized by hypercal- 
cemia and hypocalcemia. 



FIGURE 8-1 Photomicrograph of a bone biopsy from a patient with 
active hyperparathyroidism. The most characteristic histologie feature 
is the osteoclastic bone tunneling (also known as dissecting résorption). 
Note also the associated increased osteoblastic activity and marrow fibrosis 
(Goldner, x 10 obj.). 



FIGURE 8-2 Photomicrograph to demonstrate the lack of bone 
mineralization that occurs in vitamin D deficiency. A thick band of 
unmineralized bone matrix (in this préparation stained red) covers ail of the 
bony surfaces. The mineralized bone, stained black, has an irregular border 
with the unmineralized red osteoid (von Kossa, x 4 obj.). 


Calcium and Phosphorus Homeostasis 


Optimal neuromuscular function requires précisé maintenance of 
the extracellular calcium ion concentration, even under conditions 
of déhydration, starvation, or disease. (Most laboratory détermina¬ 
tions of blood calcium levels measure total calcium, which includes 
both ionized calcium, protein-bound calcium, and calcium com- 
plexed to other organic ions. However, it is the ionized fraction of 
calcium that is most important to neuromuscular function.) 

Figure 8-3 illustrâtes calcium and phosphorus homeostasis in 
a healthy adult with an adéquate diet. The calcium and phospho¬ 
rus are présent in three principal pools: the bone tissue, the intra¬ 
cellular fluid, and the extracellular fluid. Flowever, it should be 
noted that most minerai incorporated into the bone matrix is not 
available for rapid exchange with the extracellular fluid. Calcium 
and phosphorus are added to the System through the gut, and lost 
from the System through the gut, the kidneys, and by sweating. 
It should be noted that most of the blood calcium and phosphorus 
removed by glomerular filtration is reabsorbed through the rénal 
tubular epithelium. 

The required daily calcium intake is 800 mg of elemental cal¬ 
cium. During adolescence and, for women, during pregnancy and 
lactation, this amount needs to be increased to 1200 mg per diem. 
Normally most calcium is obtained from dairy products, and since 
1 cup of mille is equal to 300 mg of calcium, it requires 3 to 4 cups of 
mille or the équivalent cheese or yogurt per diem. Needless to say, 
many people hâve a diet that is déficient in calcium. 

Figure 8-4 illustrâtes the endocrine control of calcium and phos¬ 
phorus homeostasis. Parathyroid gland activity is largely regulated 
by the level of Ca ++ in the extracellular fluid; an increase in sérum 
Ca ++ suppresses PTH production, and vice versa. Once in the cir¬ 
culation, biologically active PTH has a short half-life, probably on 
the order of less than 5 minutes. It is degraded by enzymatic cleav- 
age, mainly in the liver but also in the kidney and in the parathyroid 
gland itself. (Therefore, laboratory assays for measurement of PTH 
are primarily of biologically inactive fragments.) 

PTH régulâtes the conversion of 25-hydroxy vitamin D (25- 
OH-D) in the kidney to its active form, 1,25-dihydroxyvitamin 
D (l,25(OH) 2 D). Additionally PTH acts on the rénal tubules to 
increase the tubular reabsorption of calcium while decreasing the 
reabsorption of phosphorus. PTH directly stimulâtes the osteoblasts 
to synthesize new bone and, through upregulation of RANK-L gene 
relatively late in the process of osteoblast différentiation, stimulâtes 
osteoclastic résorption of bone and, hence, the release of Ca ++ into 
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FIGURE 8-3 Schematic model of calcium and phosphorus metabolism. 


the extracellular fluicL RANK-L, essential to osteoclastogenesis, has 
a decoy receptor osteoprotegerin (OPG), which negatively régulâtes 
the process; because PTH has an inhibitory effect on OPG, changes 
in both RANK-L and OPG levels following PTH exposure resuit in 
increased potential for osteoclastogenesis. 

Figure 8-5 shows the pathway for vitamin D hormone. The 
principal natural source of vitamin D is the conversion of 7-dihy- 
drocholesterol in the skin, through the action of ultraviolet irradi¬ 
ation, to vitamin D 3 , which can then be stored in fat and muscle 
cells. (Vitamin D 2 , commercially produced by ultraviolet irradia¬ 
tion of plant sterols, is biologically equipotent to D 3 ; in the United 
States, it is added extensively to mille, certain other foods, and vita¬ 
min suppléments. Vitamins D 2 and D 3 circulate together in the body, 
are biologically interchangeable, and are usually referred to in the 
aggregate as vitamin D.) 

It is believed that exposure to sunlight of no more than 10 to 
15 minutes can provide the body with the amount of vitamin D 
required for the next 3 days. Only a small part of the skin needs to 
be exposed for adéquate production of vitamin D. However, there is 
evidence that the chronic use of sunscreens, especially by the elderly, 
may occasionally cause frank vitamin D deficiency, and it is recom- 
mended that supplémentai vitamin D is required. 

Vitamin D is itself inactive, and conversion to 25-OH-D takes 
place in the liver. The hepatic conversion of vitamin D to 25-OH-D 


can be disturbed by liver disease or by administration of anticon- 
vulsant drugs, such as phenytoin. Although 25-OH-D has only 
minimal physiologie activity, nevertheless in pharmacologie dos¬ 
age, it can promote both gut absorption of calcium and bone 
mineralization. 

There is a pathway for enterohepatic recirculation of 25-OH-D 
and its métabolites that are excreted into the bile. For this reason, 
intestinal malabsorption or anatomie loss of intestinal absorptive 
area can interfère with the reabsorption of these substances and 
inexorably deplete the systemic pool of vitamin D. In this way, severe 
vitamin D deficiency can develop, even though exposure to sun and 
to dietary sources of vitamin D is adéquate. 

In the kidney, through the action of spécifie alpha-hydroxy- 
lases, 25-OH-D is converted to either 24,25(OH) 2 D or l,25(OH) 2 D. 
Therefore, patients with advanced rénal disease become déficient 
in both of these forms of the active vitamin, which is probably 
the primary reason for the frequency and severity of bone disease 
associated with kidney failure. 

The action of 24,25(OH) 2 D on bone metabolism is being actively 
investigated. Although it only weakly accelerates the absorption 
of calcium by the gut, it is believed to hâve an important rôle in 
osteoblast cell différentiation. By contrast, l,25(OH) 2 D is the most 
biologically potent form of vitamin D known and has multiple 
and profound actions on osseus metabolism. It accelerates the gut 
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FIGURE 8-4 Endocrine régulation of calcium and phosphorus homeostasis. 


absorption of calcium and phosphorus, promotes bone cell différen¬ 
tiation and the mineralization of osteoid, and enhances the sensitiv- 
ity of bone to PTH-induced osteoclastic or osteocytic résorption to 
maintain sérum calcium. Perhaps most importantly for patients on 
maintenance rénal dialysis, it directly suppresses overactive parathy- 
roid cells and enhances parathyroid suppression by ambient calcium 
levels. 

In addition to its effects on bone metabolism, l,25(OH) 2 D also 
has other biologie actions, including inhibition of the production 
of interleukin-2 and immunoglobulins, and the stimulation of insu- 
lin and thyroid-stimulating hormone sécrétion. With respect to its 
effect on cell prolifération and différentiation, it is of interest that 
l,25(OH) 2 D induces monocytes to become multinucleated giant 
cells, which act in vitro as osteoclast-like cells. 

The physiologie rôle of human CT is not completely under- 
stood, but current théories are focused on the possibility that it 
is more important as a regulator of skeletal homeostasis rather 
than calcium homeostasis. In pharmacologie doses, CT inhibits 
osteoclastic résorption of bone, suggesting that it might act in 
vivo to conserve skeletal mass. In this regard, it has been reported 
that women hâve lower whole plasma immunoreactive CT (iCT) 
concentrations than men, and that peak calcium-stimulated iCT 
concentrations décliné with âge. Although the data are contro- 
versial, some investigators hâve suggested that CT sécrétion 


decreases at the time of ménopausé and can be stimulated by 
estrogen replacement. It is possible, therefore, that a relative, 
progressive deficiency of CT in postmenopausal women is a 
contributing cause of âge- and sex-related bone loss. 


Hypercalcemia 


Hypercalcemia is relatively common, and its causes are numerous 
(Box 8-1); symptoms of hypercalcemia may arise in any organ Sys¬ 
tem (Box 8-2). Mild hypercalcemia is common in patients with wide- 
spread lytic bone métastasés and with multiple myeloma, and on 
occasion, it may be seen in cases of sarcoidosis or vitamin D intoxi¬ 
cation. However, the most important cause of significant hypercal¬ 
cemia is hyperparathyroidism. 

HYPERPARATHYROIDISM (OSTEITIS FIBROSA 
CYSTICA; VON RECKLINGHAUSEN'S BONE 
DISEASE) 

Overproduction of parathyroid hormone occurs as either a pri- 
mary or a secondary condition. Primary hyperparathyroidism 
(HPT) normally results from an adenoma, rarely from primary 
hyperplasia (etiology unknown) or carcinoma (Figs. 8-6 and 8-7). 
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FIGURE 8-5 Régulation of vitamin D metabolism is shown from points of entry into the body pool: via solar irradiation of cutaneous 7-dihydrocholesterol, 
which produces vitamin D 3 , and via ingestion of vitamin D 2 .The major part of the vitamin D pool is stored in fat and muscle. A portion is continually converted 
in the liver to 25-hydroxyvitamin-D, the prédominant circulating form; 25-OH-D is then converted in the kidney to the major active métabolite, 1,25(OH) 2 D. 


Blood chemistries usually reveal marked hypercalcemia, and usu- 
ally hypophosphatemia. Patients with this disorder are in general 
between the third and fifth décades of life. Although many patients 
are asymptomatic, the most common clinical présentation of pri- 
mary hyperparathyroidism is rénal colic secondary to stone forma¬ 
tion; bone pain may be présent in a small percentage of patients. 

As hypercalcemia becomes more pronounced, nausea, vomit- 
ing, weakness, and headaches may appear. On rare occasions, a 
patient présents with a hypercalcémie crisis, leading to shock, kid¬ 
ney failure, and death. Mild hyperparathyroidism in elderly indi- 
viduals présents clinically as osteoporosis. Surgical removal of 
the neoplastic gland or of some of the hyperplastic glands is the 
treatment of choice. 

Secondary hyperparathyroidism is the resuit of chronic rénal fail¬ 
ure, its inévitable conséquence is further dérangement of minerai 
and bone metabolism. This is présent even in patients with mild 
réductions of glomerular filtration rate; and becomes progressively 
more severe as rénal function déclinés further. 


Secondary hyperparathyroidism in rénal failure results from 

1. A fall in ionized calcium concentration as a conséquence of 
phosphate rétention 

2. Malabsorption of calcium through the gut 

Furthermore, in addition to the loss of 1-alpha hydroxylating 
capacity as rénal cell mass déclinés, there is also an inhibition of 
l,25(OH) 2 D production by increased phosphate. Because l,25(OH) 2 D 
directly suppresses the parathyroid cells, loss of rénal production of 
l,25(OH) 2 D encourages secondary hyperparathyroidism to develop 
more rapidly and severely. 

When PTH levels rise sufficiently, severe bone résorption gives 
rise to significant hypercalcemia, bone pain, and fractures. The 
combined effects of hypercalcemia and hyperphosphatemia lead to 
extensive metastatic calcification in blood vessels and at other sites. 
At this stage, subtotal parathyroidectomy may be necessary. 

In patients with chronic rénal disease, dietary phosphate restriction 
can reverse the above-mentioned sequence of events to a certain extent. 
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BOX 8-1 Differential Diagnosis of Hypercalcemia 
Primary hyperparathyroidism 

Immobilization (especially with associated conditions, e.g., generalized 
Paget's) 

Malignant disease 

Multiple myeloma, breast carcinoma 

Humoral peptide of malignancy (carcinoma of lung, esophagus, head 
and neck, rénal cell, ovary, bladder) 

Ectopic production of 1,25-dihydroxyvitamin D (lymphoma) 
Thyrotoxicosis 

Sarcoidosis and other granulomatous disease 
Drug induced 
Vitamin D 
Thiazide diuretics 
Tamoxifen 

Acute and chronic rénal failure 
Total parentéral nutrition 
Familial hypocalciuric hypercalcemia 


BOX 8-2 Clinical Features of Hypercalcemia 

1. Neuromuscular 

a. Headache 

b. Muscle weakness 

c. Altered States of consciousness (confusion, lethargy, stupor, coma) 

d. Hyporeflexia 

2. Gastrointestinal 

a. Anorexia 

b. Nausea 

c. Vomiting 

3. Rénal 

a. Nephrolithiasis 

b. Polyuria 

c. Polydipsia 

4. Others 

a. Bradycardia 

b. Metastatic calcification 

c. Déhydration 


In children with stable chronic rénal failure, phosphate-restricted diets 
hâve been shown to increase l,25(OH) 2 D concentrations and decrease 
PTH levels, thereby partially reversing the hormone imbalance. 

Medical treatment of secondary HPT in dialysis patients consists 
of phosphate restriction, administration of phosphate binders, the 
use of a high-calcium dialysate, and oral or intravenous supplémenta¬ 
tion with l,25(OH) 2 D. When adéquate, such therapy usually obviâtes 
the necessity for subtotal parathyroidectomy (which if it has to be 
done, may be followed by significant postoperative hypoparathyroid- 
ism). Therapeutic control of the hyperparathyroidism, whether sur- 
gical or medical, is followed by a dramatic régression of the histologie 
changes in the bone and subséquent improvement of the radiologie 
abnormalities. The sérum alkaline phosphatase normalizes, and PTH 
may fall to levels seen in dialysis patients who do not hâve HPT 

In the past, a minority of patients with chronic rénal failure had 
accumulation of aluminum (derived from aluminum-contaminated 
dialysate or aluminum-containing phosphate binders by mouth) at the 
mineralization front that blocked calcification, resulting in osteomal- 
acia with further disturbance of the skeletal function (Fig. 8-8). 

Morphologie Findings 

In both primary and secondary hyperparathyroidism, the radiologie 
and pathologie features are similar. Radiologie examination may reveal 
diffuse osteopenia or circumscribed lucent areas. However, the most 
characteristic changes include érosion of the tufts of the phalanges and 
subperiosteal cortical résorption, especially visible on the radial side of 
the middle phalanges (Fig. 8-9). Other sites at which erosive résorp¬ 
tion may be seen are the symphysis pubis (Fig. 8-10), the distal clavicles 
(Fig. 8-11), and the end plates of the vertébral bodies (Fig. 8-12), as well 
as the lamina dura (i.e., the layer of the dense bone at the roots of the 
teeth) (Fig. 8-13). The skull may show a granular demineralization, the 
so-called sait and pepper appearance (Figs. 8-14 and 8-15). 

Microscopie examination of bone biopsies in patients with hyper¬ 
parathyroidism demonstrate an increased number of osteoclasts on 
the bone surfaces (even on periosteal surfaces), and a characteristic 
‘tunneling’ or ‘dissecting’ résorption of trabeculae (Figs. 8-16 to 8-18; see 
also Fig. 8-1). Other findings include intraosseous résorption of pericel- 
lular bone by ostéocytes (osteocytic osteolysis), increased amounts of 
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FIGURE 8-6 A, Posterior aspect of the pharynx, and commencement of the esophagus and trachea. Note the usual position of the parathyroid glands. 
Normally measuring no more than 4 to 5 mm, they may be difficult to locate, especially when they are displaced. B, Photomicrograph of normal parathyroid 
gland shows glandular tissue admixed with fat (H&E, x 2.5 obj.). 
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FIGURE 8-7 A, Parathyroid adenoma: large tan nodule measuring approximately 2 cm on the left side of the lower pôle of the thyroid. B, Photomicrograph of 
parathyroid adenoma shown in A. The cells are of one type, chief cells, arranged in small acini and cords. Characteristically, no fat is visible in the adenomatous 
tissue (H&E, x 10 obj.). 
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FIGURE 8-8 Photomicrograph of a section of bone with increased osteoid stained with aurin tricarboxylic acid stain, which stains aluminum bright red. 
The red stain is concentrated at the mineralization front; it has been proposed that the presence of aluminum at this site blocks further mineralization of 
the bone (Nomarski optics, x 10 obj.). 
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FIGURE 8-9 A, Clinical radiograph of the hand shows 
résorption of the tufts of the terminal phalanges. The 
characteristic subperiosteal résorption of the middle 
and proximal phalanges, more marked on the radial 
side of the phalanges, is also présent. B, In this close-up 
radiograph of the middle and ring finger of the left hand, 
the érosion of the médial cortical bone on the proximal 
and middle phalanges is clearly seen. Note, too, the 
calcification of the digital arteries in this patient with 
severe secondary hyperparathyroidism. (A courtesy of Dr. 
Alex Norman; B courtesy of Dr. Edward McCarthy.) 




FIGURE 8-10 A, Gross appearance of a symphysis pubis obtained at autopsy 
from a patient with hyperparathyroidism shows hyperemia, fibrosis, and résorption 
of the bone on each side of the symphysis. B, Radiograph of the specimen. 



FIGURE 8-11 A characteristic anatomie site in which to observe érosion 
in hyperparathyroidism is the distal clavicle. In this specimen radiograph, 
résorption is clearly seen, with loss of the smooth cortex and replacement by 
a lacy irregular outline. 



FIGURE 8-12 Specimen radiograph of a slice taken through a vertebra in a 
young person with hyperparathyroidism shows the irregularity and résorption 
of the cortical bone, particularly the end plates of the vertébral bodies. 



FIGURE 8-13 Radiograph of the lower second molar tooth in a patient with 
primary hyperparathyroidism shows loss of the dense lamina dura normally 
présent around the tooth socket. 
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FIGURE 8-14 Hyperparathyroidism: clinical radiograph of a skull showing 
‘sait and pepper' appearance. Note the irregularity of the outer cortex 
posteriorly. 



FIGURE 8-16 Photomicrograph to show severe osteoclastic bone résorption in a 
patient with primary hyperparathyroidism. Note the mild peritrabecular fibrosis 
associated with bone formation on the inferior bone surface (H&E, x 25 obj.). 



FIGURE 8-15 Radiograph showing patchy blastic reparative changes 
after parathyroidectomy.This appearance could be mistaken for Paget's 
or metastatic disease. (Courtesy of Dr. Alex Norman.) 


FIGURE 8-17 A specimen radiograph of a slice of vertébral body affected 
with primary hyperparathyroidism. The architecture of the cancellous bone 
is disturbed and the trabeculae contain lytic lines within them, due to 
the dissecting résorption characteristic of this condition. Note the partial 
résorption of the end plates. 




Résorption pit 


FIGURE 8-18 A scanning électron micrograph of cancellous bone demonstrates numerous irregular érosions on the bone surface, due to osteoclastic résorption 
(x 750 magnification). 
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FIGURE 8-19 Photomicrograph of a biopsy from a patient with 
hyperparathyroidism shows the overall pattern of marrow fibrosis, dissecting 
résorption, and increased amounts of unmineralized bone (seen here in the 
Goldner stain as red seams at the bone surface) secondary to increased bone 
formation (Goldner, x 5 obj.). 

woven bone production, and marrow fibrosis, especially abutting trabe- 
cular surfaces (Fig. 8-19). (The finding of peritrabecular fibrosis should 
be distinguished microscopically from the more generalized fibrosis 
seen in association with myelofibrosis, which generally starts within the 
marrow and away from the bone surfaces [see Chapter 9].) 


Occasionally, patients who hâve undiagnosed hyperparathyroid¬ 
ism présent on radiologie examination with one or more lytic lésions, 
which may suggest a neoplasia. These lésions, particularly évident in 
the diaphysis of long bones, the jaw, or the slcull, are the so-called 
brown tumor of hyperparathyroidism, which on microscopie exami¬ 
nation, are composed of many clustered giant cells in a fibrovascular 
cellular stroma (Figs. 8-20 and 8-21). The brown tumor of hyper¬ 
parathyroidism must be differentiated histologically from a giant cell 
tumor, as well as giant cell reparative granuloma and aneurysmal 
bone cyst, to which it is very similar (see Chapter 19). 

In many patients with chronic rénal failure, increased density 
of the axial skeleton can be seen on radiographie examination: the 
so-called rugger jersey spine. Histologically, this increased density 
appears as increased woven or immature bone superimposed on 
the usual characteristics of hyperparathyroidism (Fig. 8-22). Both 
the radiologie and histologie changes may occasionally be confused 
with those of Paget s disease. 

HYPERCALCEMIA NOT ASSOCIATED 
WITH HYPERPARATHYROIDISM 
(PSEUDOHYPERPARATHYROIDISM) 

Hypercalcemia may occur in association with certain rare tumors 
that secrete parathyroid hormone-like substances referred to as 
parathyroid hormone-related protein (PTHrP). The tumors most 
commonly associated with this type of humoral hypercalcemia are 
squamous cell lung cancer, other squamous cell tumors, rénal cell, 




FIGURE 8-20 A, A 59-year-old woman was admitted to hospital with a 10-week history of shoulder pain and a pathologie fracture of the left clavicle. B, Biopsy 
revealed a giant cell-containing benign tumor (H&E, x 4 obj.). C, A higher power view shows spindle cell histiocytes and clustered giant cells consistent with a 
brown tumor of hyperparathyroidism (H&E, x 25 obj.). (Courtesy of Dr. Michael Klein.) 




CHAPTER 8 BONE DISEASE RESULTING FROM DISTURBANCES IN MINERAL HOMEOSTASIS 199 



FIGURE 8-21 A, Clinical radiograph shows a large destructive lésion in the lower half of the humérus. The patient presented initially with pain in the arm, 
and the radiologie examination suggested the presence of a neoplasm. Further investigation revealed hypercalcemia and other radiologie changes consistent 
with hyperparathyroidism. B, Focal interstitial hemorrhage and clustering of giant cells are characteristic of a brown tumor (H&E, x 25 obj.). 



FIGURE 8-22 A, A segment of the lower thoracic and upper lumbar spine from a patient with rénal osteodystrophy shows loss of the normal trabecular appearance 
of the bone with increased sclerosis and some collapse. B, Radiograph of the specimen. C, Upper end of the fémur from the same patient. Again, the disorganization of 
the bony architecture is apparent and the cortex is seen to be hyperemic and irregular.These gross changes, both in the vertébral bodies and in the fémur, may initially 
suggest Paget's disease on imaging studies. 


and urogénital tract carcinoma. When a small occult tumor is the 
cause of the hypercalcemia- and hyperparathyroid-like condition, 
the correct diagnosis may be delayed for some time. In these cases 
of humoral hypercalcemia of malignancy, the radiologie and micro¬ 
scopie appearance of skeletal tissue cannot be distinguished from 


that associated with primary hyperparathyroidism. The most impor¬ 
tant due that the hypercalcemia is arising from a malignancy in patients 
with this rare condition of pseudohyperparathyroidism is that PTHrP is 
usually not detected by conventional assays for PTH, and consequently 
the measurable PTH levels are paradoxically profoundly depressed. 
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FIGURE 8-23 Radiograph of a young patient suffering from vitamin A 
intoxication, who developed fracture and displacement of the fémoral epiphyses. 
An x-ray study taken some years later (notshown) after correction of the 
intoxication was reported as showing complété restoration of normal anatomy. 


Although uncommon, the effects of vitamin A (retinoic acid) 
intoxication are occasionally seen in food faddists. Irritability, 
lethargy, vomiting, loss of appetite, scaly skin, and hair loss are the 
usual presenting symptoms. Severe hypercalcemia may resuit from 
increased osteoclastic activity and bone résorption leading to osteo- 
porosis and fracture. Vitamin A has a rôle in the prolifération and 
différentiation of several tissues, and in infants and young children, 
hypervitaminosis A may resuit in accelerated maturation of the 
growth plates with central physeal arrest, resulting in a slow down 
of bone growth activity (Fig. 8-23). 


Hypocalcemia 


With hypocalcemia, the most common symptom is neuromuscu- 
lar irritability (Box 8-3), however, the condition may be asymptom- 
atic. Like hypercalcemia the causes of hypocalcemia are numerous. 
The most common cause is vitamin D deficiency. Less common are 
hypophosphatemia (vitamin D-resistant rickets), hypothyroidism, 
and hypomagnesemia (Box 8-4). Rarely, it is life-threatening. 

HYPEROSTEOIDOSIS 

Hyperosteoidosis is a histologie term that describes an increase in 
the relative proportion of unmineralized to mineralized bone tissue. 
There are three basic causes of hyperosteoidosis. 

1. A marked increase in the rate of bone formation, so that a prom¬ 
inent band of osteoid is présent on the bone surface (Fig. 8-24). 
In this case, labeling with tétracycline reveals a thick, granular, 
and dense mineralization front. 


BOX 8-3 Clinical Features of Hypocalcemia 
Paresthesias 

Neuromuscular irritability 
Chvostek's sign 
Trousseau's sign 
Tetany 
Seizures 

Prolonged Q-T interval on electrocardiogram 


BOX 8-4 Common Causes of Hypocalcemia 

Hypoparathyroidism 

1 Postsurgi cal 

2 Infiltrative conditions 

a. Hemochromatosis 

b. Metastatic carcinoma 

3 Idiopathic 

Vitamin D deficiency 

1 Lack of sunlight exposure 

2 Dietary lack 

3 Malabsorption 

4 Upper gastrointestinal tract surgery 

5 Liver disease 

6 Rénal disease 

7 Anticonvulsants 

PSEUDOHYPOPARATHYROIDISM 

Hypomagnesemia 



FIGURE 8-24 Photomicrograph of a bone biopsy from a patient with rénal 
failure shows the stigmata of secondary hyperparathyroidism with bone 
résorption at the upper left. Note the markedly increased osteoblastic 
activity and widened osteoid seams (H&E, x 10 obj.). 


2. Interférence with calcium déposition at the mineraliza¬ 
tion front as happens in aluminum toxicity and, to a lesser 
extent, with iron overload. In this case, a wide osteoid seam is 
observed, usually with fiat, inactive osteoblasts at the surface 
(Fig. 8-25). The mineralization front is sharply demarcated 
and often at a reversai line. Tétracycline labeling fails to show 
any uptake at the mineralization front. 

3. Most important, a lack of available calcium salts for mineral¬ 
ization of the bone; the clinical terms used to describe this are 
rickets and osteomalacia. Rickets is a disorder of mineraliza¬ 
tion of the bone matrix in children; it involves both the growth 
plate (epiphysis) and newly formed trabecular and cortical 
bone. Osteomalacia, a defect in bone matrix mineralization 
in adults, is now the more common form of the disease. 
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FIGURE 8-25 Photomicrograph of a bone biopsy from a patient with aluminum 
toxicity.The red staining is présent where the bone is unmineralized. Note 
the sharp démarcation between the unmineralized (red) and the underlying 
mineralized bone (green). In contrast to other conditions where hyperosteoidosis 
is seen, here the overlying osteoblasts are fiat and inconspicuous. Note the 
prominent hemosiderin déposition in the marrow which is the resuit of repeated 
transfusions (undecalcified tissue, Goldner stain, x 10 obj.). 

OSTEOMALACIA 

Osteomalacia has a number of étiologies (Box 8-5). The availabil- 
ity of vitamin D may be decreased by poor nutritional intake, lack 
of sunlight, or by rénal or hepatic disease. Calcium availability may 
also be disturbed by lack of calcium in the diet or by a malabsorption 
syndrome. Congénital defects in the rénal tubules, leading to déficient 
reabsorption of phosphate and calcium into the blood, also resuit in 
rickets and osteomalacia (hypophosphatémie rickets; see later). 

The most common symptom of osteomalacia in adults is bone 
pain, sometimes localized, more often bilateral and symmetri- 
cal; often initially mild but gradually becoming severe. There may 
also be proximal muscle weakness, which is often profound. The 
sérum calcium tends to be low normal, the phosphate very low, 


BOX 8-5 Causes of Osteomalacia 

Vitamin D disturbances 

• Inadéquate endogenous production 

■ Déficient exposure to sunlight 

• Dietary deficiency of vitamin D 

• Inadéquate intestinal absorption of vitamin D 

■ Malabsorption syndrome 

■ Postgastrectomy 

■ Celiac disease 

■ Inflammatory bowel disease 

• Aberrant metabolism of vitamin D 

■ Liver cirrhosis 

■ Dilantin therapy 

■ Rénal disease 

Kidney disease 

• Chronic rénal failure 

• Rénal tubular disorders 

■ Acidosis 

■ Hypophosphatemia 
Familial errors in metabolism 

• Familial hypophosphatemia 

• Hypophosphatasia 


and the alkaline phosphatase very high (released from stimulated 
osteoblast). Sérum 25-OH-D levels are usually markedly depressed, 
whereas l,25(OH) 2 D levels may be initially normal, although they, 
too, eventually fall. PTH levels tend to rise considerably, resulting in 
relative préservation of the sérum calcium. 

Radiologie examination may reveal generalized osteopenia as a 
resuit of the loss of calcified matrix. Classically, multiple bilateral 
and symmetrical cortical lucent areas in the ribs, scapula, pelvis, and 
fémoral neck are présent. These lucent areas represent stress frac¬ 
tures and typically lie perpendicular to the long axis of the bone; 
they are sometimes referred to as Looser s zones or Milkmaris Unes 
(Fig. 8-26). A radioisotope scan is the most helpful examination used 
to identify these fractures (Fig. 8-27). In general, the axial skeleton, 
with its higher rate of turnover (e.g., the vertebrae, pelvis, ribs, 
and sternum), is more often affected clinically than the peripheral 
skeleton. 

Microscopie examination of undecalcified diseased bone reveals 
a marked increase in the amount of nonmineralized matrix (osteoid) 
on the surfaces of the bone trabeculae and lining the haversian 
canals of the cortical bone (Fig. 8-28). Détermination of the severity 
of osteomalacia requires quantitative histomorphometry, and this 
reveals that at least 10% and usually much more of the bone mass 
consists of nonmineralized bone matrix. Tétracycline uptake studies 
show patchy, blurred uptake at the mineralization fronts (Fig. 8-29). 
Resorptive changes typical of secondary hyperparathyroidism are 
also présent in many cases. Microscopie examination of the stress 
fractures reveals poorly mineralized callus and fibrous tissue. 

RICKETS 

In the early 19th century, as a resuit of the industrial révolution, the 
large northern European cities became increasingly crowded and pol- 
luted. Because of poor diet and little exposure to sun, the children 
commonly developed severe and debilitating rickets, which among the 



FIGURE 8-26 Radiographs of the feet of a patient with osteomalacia show 
bilateral fractures of the metatarsals. 
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FIGURE 8-27 A gamma-cannera image that shows the pattern of uptake 
of "Te methylene diphosphonate in a patient with osteomalacia.There are 
multiple rib fractures as well as fractures at the neck of the scapula. 



FIGURE 8-28 Low-power photomicrograph of a specimen from a patient 
with osteomalacia demonstrates that ail the bone surfaces are covered by 
a thick layer of osteoid (red), which constitutes more than 15% of the total 
bone volume (von Kossa's, x 4 obj.). 

poor was almost universal. (Nowadays classic rickets, resulting from 
a deficiency of vitamin D, is only rarely seen, and in the United States, 
the most common cause of rickets is rénal tubular dysfunction.) 

Morphologically, rickets is characterized by widespread skeletal 
deformities principally affecting the foci of most rapid growth. The dis- 
ease may be recognized in patients as young as 6 months of âge, at which 
time thinning and softening of the calvaria and bulging fontanelles may 
be évident. These cranial changes usually diminish by 2 years of âge but 
are followed by other dramatic skeletal changes, including beading of 
the costochondral junctions of the ribs (the so-called rachitic rosary) 
(Fig. 8-30), a dépréssion along the line of the rib-diaphragm attach- 
ment (Harrisons groove), and a chicken-breasted appearance. In par- 
ticular, the wrists, knees, and anldes may be enlarged due to failure of 



FIGURE 8-29 Photomicrograph taken using ultraviolet (UV) light shows 
fluorescence of a broad smudged band of tétracycline, which marks the 
irregular calcification front in a section of bone obtained from a patient with 
osteomalacia (tétracycline labeled, UV incident light, x 10 obj.). 

the metaphyseal primary spongiosa to mineralize (Fig. 8-31). Eventually 
curvature of the long bones develops, especially anterior curvature of 
the tibia. Spinal abnormalities, including dorsal kyphosis, scoliosis, and 
lumbar lordosis may diminish height. 

Radiologie examination reveals a widened and irregular growth 
plate, with a cup-shaped concavity and flaring of the metaphyseal 
end of the bone (Fig. 8-32). These changes correlate microscopically 
with the presence of irregular, disorderly columns of proliferating 
cartilage in the growth plate and tongues of proliferating irregular 
cartilage extending into the adjacent bone (Fig. 8-33). These find- 
ings are associated with absence of the calcified zone of the car¬ 
tilage and a poorly formed primary spongiosa. The most striking 
histologie change is the presence of large amounts of nonmineral- 
ized bone throughout the skeleton. Stress fractures, similar to those 
seen in osteomalacia, are often présent. 

HYPOPARATHYROIDISM 

Most commonly, hypoparathyroidism follows extensive neck surgery, 
especially total thyroidectomy with accidentai parathyroidectomy. Very 
rarely, it is due to hypoplasia of the parathyroid glands. Treatment is 
aimed at restoration of sérum calcium to a low normal level. Elemental 
calcium and vitamin D are the usual therapeutic agents used. 

Pseudohypoparathyroidism refers to the rare genetic condition, 
characterized by increased levels of circulating parathyroid hormone 
associated with glandular hyperplasia, which is paradoxically associ¬ 
ated with hypocalcemia and hyperphosphatemia. This biochemical 
hypoparathyroidism results from résistance of the bone and kidneys 
(i.e., the target organs) to the biologie actions of PTH, even in the face 
of elevated levels of PTH. This disorder is inherited as an autosomal 
dominant trait, but mutations hâve not been found in the PTH gene 
or PTH receptor gene. It is currently believed that there is a molecular 
defect in the GNAS1 gene. In very rare cases, patients with this condi¬ 
tion demonstrate résistance to multiple hormones and demonstrate 
short stature, subeutaneus ossification, and mental retardation, a 
condition known as Albrights hereditary osteodystrophy. 

HYPOPHOSPHATEMIA 

Hypophosphatemia may resuit from any number of causes, most 
of which are acquired, but there are some hereditary causes. 
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FIGURE 8-30 A, Rickets: dissected specimen of the rib cage shows prominence of the costochondral junctions because of swelling. This gives rise to the so-called 
rachitic rosary. B, Radiograph of a portion of this specimen demonstrates that the swelling results from irregularity and poor mineralization of the metaphysis 
with a characteristic 'cupping' at the junction of the cartilage and bone. C, Photomicrograph of the costochondral junction in a patient with rickets shows 
widening of the growth cartilage région with irregularity at the cartilage-bone interface and poorly mineralized, disorganized primary spongiosa (H&E, x 4 obj.). 


Among the more common causes are increased urinary phosphate 
loss caused by lowering of the rénal tubule threshold for phosphate 
reabsorption (as seen in primary hyperparathyroidism) and thera- 
peutic administration of diuretic agents. The condition may also 
be traced to decreased intestinal absorption, as seen in vitamin 
D deficiency, and malabsorption syndromes; other causes include 
starvation and the excessive use of phosphate-binding antacids. 
Acute hypophosphatemia also occurs after uptake of phosphorus 
from the sérum into the cells, as seen after insulin administration, 


and in States of respiratory alkalosis, as in salicylate poisoning, sep- 
sis, and fever. Severe hypophosphatemia may cause cell damage 
with potentially serious clinical conséquences; examples include 
érythrocyte hemolysis, leukocyte and platelet disorders, defects 
of the peripheral and central nervous System, myopathy, and 
rhabdomyolysis. 

In bone, the main conséquence of hypophosphatemia is 
osteomalacia. This impaired mineralization appears to be a purely 
extracellular problem arising from changes in the calcium and 
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FIGURE 8-31 Rickets. Hand and forearm of a young child show prominence 
above the wrist, conséquent upon the flaring and poor mineralization of the 
lower end of the radius and ulna. 



FIGURE 8-32 A and B, Dorsovolar view of both hands of an 8-year-old boy 
from India with untreated dietary rickets shows osteopenia of the bones 
and widening of the growth plates of the distal metacarpals, with irregular 
mineralization and cupping (known as Trümmerfeld zone). Note also the 
fracture subluxation that has occurred in the growth plates of the radius and 
ulna of the metaphyses, which are typical features of this condition. 



FIGURE 8-33 Rickets. Section through the lower end of the fémur in a 
young child shows widening of the epiphyseal growth plate région, together 
with irregularity of the metaphysis with tongues of epiphyseal cartilage, 
penetrating into the metaphyseal bone. 

phosphate concentration product (Ca x P), which reflects the 
extent of saturation of extracellular fluid with respect to these 
ions. Laboratory studies in most patients with acquired hypophos- 
phatemia reveal normal glomerular filtration rates, normal to high 
levels of sérum calcium, a markedly lowered level of sérum phos- 
phorus, and elevated levels of alkaline phosphatase. PTH levels may 
be suppressed. l,25(OH) 2 D levels should be elevated but frequently 
are not, and may even be low. Bone biopsy specimens reveal char- 
acteristics of osteomalacia indistinguishable from those caused by 
vitamin D deficiency. 

Most hypophosphatémie States can be corrected medically 
and do not progress to development of severe skeletal aberra¬ 
tions. However, uncorrected hypophosphatemia may lead to severe 
skeletal sequelae, especially in growing children. 

Osteomalacia due to acquired hypophosphatemia is sometimes 
seen in association with a variety of benign mesenchymal tumors, 
particularly benign fibrovascular tumors, which are often found in 
the sinuses, sometimes in the skin or bone, and may be extremely 
difficult to locate (rarely it may occur in metastatic prostate cancer). 
The tumors responsible for oncogenic osteomalacia are often char- 
acterized by distinctive “grungy” matrix calcification and production 
of FGF-23, which impairs phosphate reabsorption by rénal tubules 
(Fig. 8-34). A marked réduction in sérum l,25(OFI) 2 D is usually 



FIGURE 8-34 A, Photomicrograph: Phosphaturic mesenchymal tumor of mixed connective tissue type with myxoid stroma and cystification (H&E, x 4 obj.). 
B, High-power view to show diffuse stromal calcification (H&E, x 25 obj.). (Courtesy of Dr. Mark Edgar.) 
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observed, however 25(OH) 2 vitamin D levels are normal. Complété 
excision of the tumor usually leads to resolution of the biochemical 
abnormalities and the osteomalacia. A récurrence of the tumor is 
usually made apparent by a reappearance of osteomalacia. 

Familial Hypophosphatemia (Familial X-Linked 
Hypophosphatémie Rickets; Vitamin D-Resistant 
Rickets; Refractory Rickets) 

Familial hypophosphatémie rickets is a genetic disease that is trans- 
mitted as an X-linked dominant trait and is usually manifested by the 
second year of life. The disease is thought to be caused by mutation 
in the gene encoding FGF-23 (the humoral factor implicated in 
oncogenic osteomalacia). Typically, the patients urinary excrétion 
of phosphorus is increased. The disorder is clinically characterized 
by childhood rickets with associated growth retardation and poor 
dental development (Fig. 8-35). The condition is unresponsive to 
physiological doses of vitamin D. 

In middle âge, other clinical problems begin to appear, with 
mineralization of the spinal ligaments and thickening of the neural 
arches. There is loss of mobility of the spine, shoulders, elbows, and 
hips. Réduction in the diameter of the spinal canal may lead to cord 
compression at more than one level. 

The primary biochemical defect for this disorder of minerai 
metabolism remains unknown, although the site of the rénal phos¬ 
phate transport defect has been localized to the brush border mem¬ 
brane of the proximal convoluted tubule. 

X-linked hypophosphatémie rickets (caused by mutation in 
the phosphate-regulating endopeptidase gene, PHEX), has long 
been recognized as being different from any other form of rick¬ 
ets and osteomalacia in its clinical manifestations, pathogenesis, 
and difficulty of treatment. The disease is regarded primarily as a 
genetic defect of rénal tubule phosphate transport, and this con¬ 
cept has led to treatment with phosphate suppléments and large 
doses of vitamin D. However, successful therapy, particularly full 
healing of the mineralization defects, usually requires that the 
phosphate therapy be combined with supraphysiologic dosages of 
l,25(OH) 2 D. 

FANCONI'S SYNDROME 
(RENAL GLYCOSURIC RICKETS) 

Fanconi s syndrome may be genetic or acquired later in life. Common 
causes of Fanconi’s syndrome in children are genetic defects impair- 



FIGURE 8-35 Radiograph of the knees of a young patient with 
hypophosphatémie rickets. Note the widening and cupping of the growth 
plates. Unlike the rickets secondary to vitamin D deficiency, which is 
illustrated in Figure 8-32, the metaphysis shows sclerosis. 


ing the body’s ability to break down certain compounds, such as 
the amino acid cystine (cystinosis), fructose (fructose intolérance), 
galactose (galactosemia), and glycogen (glycogen storage diseases). 
Cystinosis is the most common cause of Fanconis syndrome in 
children. 

In adults, Fanconi s syndrome can be caused by various acquired 
disorder s that damage the tubules of the kidneys. This damage can 
be caused by exposure to heavy metals such as lead, mercury, and 
cadmium. Patients with these disorders exhibit normal glomeru- 
lar function, a decreased level of sérum carbon dioxide, normal to 
low levels of sérum calcium, low levels of sérum phosphorus, and 
elevated levels of alkaline phosphatase. 

Radiographie examination may reveal diffuse osteopenia and 
stress fractures. Irregular and widened epiphyseal cartilage zones 
are clearly seen in children, but the dramatic increase in nonmin- 
eralized bone observed in patients with rickets is not apparent. 
In patients with Fanconi s syndrome associated with cystinosis, cys¬ 
tine deposits are présent in the bone and in the viscéral organs. 

The osteomalacia is believed to resuit principally from the severe 
hypophosphatemia caused by rénal tubule dysfunction. Amino acid 
deficiency may contribute to growth retardation. 

HYPOMAGNESEMIA 

Magnésium is the second most abundant cation in the intracellu- 
lar fluids and essential to neurochemical transmissions and many 
enzyme activities. Magnésium deficiency is common and may be 
présent in as many as 10% of patients admitted to general hospi- 
tals and more than half the patients in medical intensive care 
units. Hypocalcemia is commonly associated with chronic magné¬ 
sium deficiency and under these circumstances is best treated by 
magnésium replacement. The hypocalcemia appears to be related 
to impaired PTH sécrétion in patients with chronic magnésium 
deficiency and, in general, patients with hypocalcemia of this type 
usually hâve normal or low normal PTH levels. 


SoftTissue Calcification 


METASTATIC CALCIFICATION 

Metastatic calcification is caused by an increased calcium phosphate 
product in the blood, and may resuit from hypercalcemia or hyper- 
phosphatemia, or both. It is commonly associated with hyperpara- 
thyroidism, sarcoidosis, metastatic disease, and myeloma (Fig. 8-36). 
Metastatic calcification is amplified in patients with hypermetabolic 
States who hâve undergone prolonged periods of bed rest. 

The calcification may be both intracellular and extracellular. 
Minerai déposition is particularly likely to occur in the kidneys 
(Fig. 8-37), alveolar walls of the lungs, cornea, conjunctiva, and 
gastric mucosa (i.e., those areas subject to the large pH changes), 
as well as in the media and intima of the peripheral arteries. 

TUMORAL CALCINOSIS 

Tumoral calcinosis is a rare inherited condition that primarily, but 
not exclusively, affects black people in otherwise good health. The 
responsible genes are FGF23, GALNT3, and KL . The disease usually 
présents in the second decade of life and is characterized by déposi¬ 
tion of painless calcifie masses around the hips, elbows, shoulders, 
and gluteal areas (i.e., areas subject to movement and/or pressure) 
(Figs. 8-38 and 8-39). A familial incidence has been reported. In rare 
instances, intra-articular or intraosseous deposits may also occur 
(Figs. 8-40 and 8-41). 
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FIGURE 8-36 Posteroanterior view of the distal forearms and hands 
of a 48-year-old woman treated by long-term dialysis for chronic rénal 
failure with résultant secondary hyperparathyroidism.There is soft tissue 
and vascular calcification, characteristic findings in this condition. An 
arteriovenous fistula from hemodialysis has occluded and calcified, and is 
clearly seen in the soft tissue adjacent to the radial metaphysis [left). 



- Calcifie deposits 


■ Rénal glomeruli 


FIGURE 8-37 Photomicrograph of the kidney in a patient with prolonged 
hypercalcemia resulting from a parathyroid adenoma. Extensive calcium 
deposits are seen in relation to the proximal tubules (H&E, x 4 obj.). 



FIGURE 8-38 A, Photograph of a young black woman with extensive subeutaneous calcium deposits (tumoral calcinosis) around the elbows and along 
the extensor surfaces of the forearm. B, Radiograph of this patient's arm shows the extent of the calcified mass. C, Cut surfaces of the excised specimen. D, 
Photomicrograph of a calcium apatite deposit in tumoral calcinosis. Note the histiocytic and giant cell response at the edge of the calcified deposit, which is 
seen here as a dark blue-purple area to the right of the picture (H&E, x 10 obj.). 






CHAPTER 8 BONE DISEASE RESULTING FROM DISTURBANCES IN MINERAL HOMEOSTASIS 207 



FIGURE 8-38—CONT’D E, Occasionally as seen in this photomicrograph, 
because of variations in processing, the calcium apatite deposits appear pink 
rather than blue, and in such a case, their true nature may not be apparent to 
the examining histopathologist (H&E, x 10 obj.). 


The lésions may be massive, are often bilateral, and they affect multiple 
sites. The patients sérum phosphate level is usually elevated. Although 
the hyperphosphatemia should suppress l,25(OH) 2 D production, the 
sérum levels tend to stay paradoxically normal. Surgical excision is the 
most successful form of treatment, although récurrences are common. 
Medical treatment to control the hyperphosphatemia (e.g., a low phos¬ 
phate diet and oral administration of phosphate binders) is an important 
adjunct to surgical excision. (We hâve seen an instance of correction of 
hyperphosphatemia and radiologically documented disappearance of a 
large tumor mass achieved by the use of phosphaturic diuretics.) 

Microscopie examination of tissues from these patients reveals 
calcifie deposits that are surrounded by a mild infiltration of both 
histiocytes and chronic inflammatory cells. Some multinucleated 
giant cells may be présent. X-ray diffraction studies hâve shown that 
the deposits are mainly formed of hydroxyapatite crystals. 

CALCIFICATION IN INJUREDTISSUE 

Déposition of calcium hydroxyapatite in soft tissues may also occur as 
a complication of trauma and scleroderma. Dead tissue that does not 



FIGURE 8-39 A, Radiograph of a 56-year-old woman with tumoral calcinosis who presented with a mass in the buttock. B, Computed tomography scan of the 
mass. C, Photograph of the excised mass, which is well encapsulated. D, Photograph of the cross-section. 


(Continued) 
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FIGURE 8-39—CONT'D E, Fine grain radiograph of the specimen. 



FIGURE 8-40 Radiograph of a 12-year-old boy seen for knee pain. 

A flocculent calcified mass is présent mainly in the latéral compartment. 
There was no effusion noted.The child drank eight glasses of milk a day 
and had an elevated sérum phosphate level that ranged between 7 and 8. 
Family history revealed chronic rénal disease in the mother and rénal calculi 
in the father. However, the boy was the only member of the family with 
hyperphosphatemia; the condition was resolved with a phosphate-restricted 
diet and the use of phosphate binder. 


undergo rapid absorption frequently becomes calcified. This type of 
calcification, which is not related to any disturbance in calcium homeo- 
stasis, is called dystrophie calcification. Calcification is common in 
areas of coagulation necrosis (e.g., in cases of infarction), in caseous 
necrosis seen in patients with tuberculosis, and in areas of fat necrosis 
(Fig. 8-42). Of particular interest to orthopaedic surgeons is the calci¬ 
fication that is common in tendons, ligaments, and bursae (Figs. 8-43 
to 8-45). A common clinical présentation for patients with dystrophie 



FIGURE 8-41 Radiograph of a 63-year-old woman with rheumatoid 
arthritis who, although normal with regard to CaP0 4 and vitamin D levels, 
nevertheless presented with both soft tissue and intraosseous calcification 
as shown here. She was taking 1200mg of CaC0 3 daily and 4001U of 
vitamin D. 



FIGURE 8-42 Radiograph of a middle-aged man who presented with 
swelling along the inner side of the left arm. The soft tissue calcification 
seen on x-ray study was shown at operation to be both calcification and 
ossification within a large lobulated lipoma that had undergone focal 
necrosis. 










FIGURE 8-43 A, Radiograph of an anteroposterior view of the shoulder demonstrating calcifie tendinitis. B, A low-power photomicrograph showing necrotic 
tissue with focal deposits of hydroxyapatite in the upper part of the image and mixed inflammatory tissue in the lower (H&E, x 4 obj.). C, A higher power 
reveals many giant cells, histiocytes, and scattered lymphocytes with small and large foci of calcium déposition (H&E, x 25 obj.). 



FIGURE 8-44 A, Radiograph of the upper fémur of a 58-year-old man who presented with a 1-year history of sharp, intermittent pain in the right thigh. 

The bone scan was hot. B, Computed tomography scan shows bone érosion, which was misinterpreted as evidence of malignancy, and the upper fémur was 
resected without a biopsy being performed. C, Photograph showing calcification occurring in the région of the linea aspera. Microscopically, the findings were 
similar to those found in association with tumoral calcinosis. 









210 SECTION III METABOLIC DISTURBANCES 



FIGURE 8-45 A, The eut surface of a grossly thickened acromial bursa with extensive calcium deposits. B, Radiograph of the specimen clearly reveals the extent 
of calcification. C, Microscopie appearance of the calcified bursa shown. Note that although most of the tissue is necrotic and calcified, there is some viable 
fibrous connective tissue in the center of the field (H&E, x 10 obj.). 


calcification is a painful shoulder that corresponds anatomically to the 
insertion of the supraspinatus muscle onto the humérus. 

Gross examination reveals amorphous chalky white deposits 
or circumscribed gritty calcifications. These deposits hâve been 


shown by x-ray diffraction studies to be hydroxyapatite crystals. 
Microscopie studies reveal calcium in fibrous or fatty tissue some- 
times with associated chronic inflammatory cells including, at times, 
multinucleated giant cells. 





Accumulation 
of Abnormal 
Metabolic Products 


Philippe Charles Ernest 
Gaucher (July 1854— 
January 1918). Gaucher is 
remembered for his descrip¬ 
tion of the disorder that 
was to become known as 
Gauchers disease. In 1882, 
while still a student, he dis- 
covered this disease in a 
32-year-old woman who 
had an enlarged spleen. He 
published his findings in 
his doctorate thesis titled 
“De l’epithelioma primitif de 
la rate, hypertrophie idio¬ 
pathique de la rate san leu¬ 
cémie” (From the Wellcome 
Library, London.) 


Thomas Sydenham (1624— 
December 1689). Sydenham 
has been called the English 
Hippocrates, and the father 
of English medicine. Syden¬ 
ham himself suffered with 
rénal stones and goût, and 
published the most graphie 
descriptions of the disease 
from the perspective of the 
patient. (From the Wellcome 
Library, London.) 


James Bryan Herrick 
(August 1861—March 
1954). Herrick studied and 
taught at various Chicago, 
Illinois hospitals, including 
Cook County Hospital and 
Presbyterian Hospital. In 
1904, he discovered sickle 
shaped red blood cells on the 
blood film of a medical stu¬ 
dent from Grenada. Later in 
his career, he postulated that 
thrombosis in the coronary 
artery led to the symptoms 
and abnormalities of heart 
attacks. (From Wild PS. 
Chicago Literary Club: Its 
History from the Season of 
1924-1925 to the Season of 
1945-1946. Chicago, printed 
for the club, 1947.) 
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Skeletal abnormalities characterized by the accumulation of metabolic 
products may complicate a number of genetic metabolic disturbances, 
some of which are discussed elsewhere. (Those in which the joint is 
most commonly affected, such as goût and calcium pyrophosphate 
déposition, are discussed in Chapter 12; the mucopolysaccharidoses 
are discussed in Chapter 6.) 

The first part of this chapter discusses oxalic acid déposition, 
amyloidosis, and various lipid disturbances; the second part covers 
the effects of various hématologie disorders. 


Déposition and Storage Diseases 


OXALOSIS 

Normally oxalic acid, an end-product of both amino acid and vita- 
min C metabolism, is excreted in the urine. However, in both primary 
and secondary oxalosis, calcium oxalate crystals may be precipitated 
into various tissues including bone, bone marrow, and cartilage. 

Primary (familial) oxalosis is transmitted as an autosomal réces¬ 
sive trait and usually présents in early childhood, although in a few 
cases, its appearance may be delayed until adulthood. It is character¬ 
ized by excessive biosynthesis of oxalate secondary to a deficiency 
of the peroxisomal liver-spécifie alanine: glyoxylate aminotransferase 
gene. The resuit is nephrolithiasis and secondary chronic rénal fail- 
ure. Déposition of calcium oxalate crystals in many tissues, including 
the bone and bone marrow, is a prominent feature. 

Secondary oxalosis is more common. The setting is usually that 
of chronic rénal failure and the degree of crystal déposition is gen- 
erally much less severe than in primary oxalosis. In affected indi- 
viduals, blood levels of calcium oxalate are elevated and correlate 
significantly with the sérum créatinine value. Oxalate deposits may 


be seen in many organs including the kidneys, heart, thyroid, lungs, 
as well as bone, cartilage, synovium, and in the synovial fluid. 

Radiologie evidence of disease in the skeleton dépends on the 
severity of the condition and, therefore, is more often seen in pri¬ 
mary oxalosis. In children, radiodense bands in the metaphysis may 
resuit from crystal déposition in growth arrest Unes (Fig. 9-1). 

Microscopie examination of skeleton tissue from both primary 
and secondary oxalosis may reveal crystals in mineralized bone, 
articular cartilage, or bone marrow. The crystals can be identified by 
polarized light microscopy, as highly refractile needle-shaped crys¬ 
tals that form star-like clusters (Figs. 9-2 to 9-4). Positive identifi¬ 
cation of the crystals can be achieved by Chemical analysis, x-ray 
diffraction, or électron diffraction. (The latter technique offers a 
précisé method for identification of extremely small quantities of 
calcium oxalate in bone biopsy specimens.) There is generally a lack 
of cellular response to the crystals; however, a mononuclear cell or 
a giant cell reaction similar to that seen in patients with other crys¬ 
tal déposition disorders may be présent. (In the bone evidence of 
secondary hyperparathyroidism with increased osteoclastic résorp¬ 
tion, as well as hyperosteoidosis, is also frequently seen and is to be 
expected in the setting of chronic rénal failure.) 

AMYLOIDOSIS 

Amyloidosis is a heterogenous group of conditions characterized 
by the extracellular déposition of an amorphous protein material in 
various tissues, either systemically or locally. The amyloid depos¬ 
its may be recognized by bright green fluorescence under polar¬ 
ized light after staining with congo-red, a regular fibrillar structure 
by électron microscopy, and a (3-pleated sheet structure by x-ray 
diffraction. Amyloid associated with bone marrow disease, includ¬ 
ing multiple myeloma, results in systemic amyloidosis, or primary 



FIGURE 9-1 A, Radiograph of right knee from a child with primary oxalosis. Note the irregular sclerosis in the metaphyses. B, Radiograph of the right hip and 
pelvis. There are dense Unes in the metaphysis of the fémur as well as paralleling the iliac crest.The widening of the growth plate is due to secondary rickets 
as a resuit of rénal failure. C, Radiograph of the thoracic spine shows bony sclerosis in the metaphyseal région, which gives a sandwich-like appearance to the 
vertébral bodies. 
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FIGURE 9-2 A, Photomicrograph of a section from a biopsy obtained 
from a patient with primary oxalosis. Faint greenish crystalline deposits 
can be seen in the marrow space (undecalcified section, H&E, x 10 obj.). 

B, Photomicrograph of the crystalline material examined by polarized light 
at a higher magnification.The starburst clusters of sharp needles of high 
refractivity are typical of oxalosis. Around these crystalline deposits, there is 
a histiocytic and giant cell response (undecalcified section, Nomarski optics, 
polarized light, x 25 obj.). 



FIGURE 9-3 A, Oxalosis: photomicrographs of lamellar bone. Within the 
matrix of the bone and adjacent to and within the cellular lacunae can be 
seen some indistinct yellowish deposits. On examination with polarized light 
(B), these deposits become évident as brightly refractive star-like clusters of 
crystallized material (H&E, x 50 obj.). 



FIGURE 9-4 Oxalosis: photomicrograph of cartilage. Deposits of grayish 
yellow material can be seen within the chondrocytic lacunae (A). The same 
field photographed using polarized light (B) (H&E, x 50 obj.). 


amyloidosis that is composed of monoclonal light chain immuno- 
globulin. The type of amyloidosis associated with various chronic 
inflammatory disorders such as rheumatoid arthritis, psoriasis, 
Crohns disease, osteomyelitis, tuberculosis, and so on, which used to 
be known as secondary amyloidosis is composed of sérum amyloid 
A protein. 

Although skeletal involvement is probably not that uncommon, 
it is rarely recognized clinically. Some patients with amyloidosis may 
présent with aching bone pain, a localized tumor or even multiple 
tumors, and pathologie fractures. Such patients are most likely to be 
diagnosed clinically with metastatic tumor, and the true nature of 
the disease does not become apparent until histologie examination 
is performed (Figs. 9-5 to 9-7). 

An increasing frequency of carpal tunnel syndrome (CTS) in 
patients on long-term hemodialysis has been reported, with a corré¬ 
lation between the length of time on dialysis and the development of 
CTS. In these patients amyloid deposits formed of (32-microglobulin 
can usually be demonstrated in the synovial tissue. However, the amy¬ 
loid may be difficult to distinguish microscopically from an excess 
of collagen tissue or hyalinized collagen. In such patients, deposits 
of amyloid may also be seen as localized destructive bone lésions 
around large joints, or often with bilateral involvement of multiple 
joints. Radiologie examination may reveal juxta-articular osteoporo- 
sis, extensive swelling of the soft tissues, multiple well-defined sub- 
chondral cysts, and pressure érosions from synovial hypertrophy. 
However, despite these changes, usually there is relative préservation 
of the joint space (Fig. 9-8). 

Patients with diffuse marrow involvement usually show a pre- 
dominantly axial distribution of amyloid and may hâve painful com¬ 
pression fractures that may mimic multiple myeloma. A localized 
lytic form of amyloidosis affecting the long bones, skull, or ribs is 
usually seen radiographically as one or more well-marginated lytic 
lésions. 
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FIGURE 9-5 A, Anteroposterior radiograph of a 60-year-old man with increasing pain in the left groin area for 3 years.The clinical diagnosis was Paget's disease 
or chronic infection. B, Photomicrograph of biopsy tissue shows extensive amyloid, which is focally calcified (H&E, x 4 obj.). 



FIGURE 9-6 A, This 75-year-old woman had complained of back pain for 1 year.The clinical diagnosis was metastatic tumor. B, Photomicrograph reveals 
calcified acellular refractile material that was weakly positive for amyloid. There was no evidence of myeloma or metastatic cancer (H&E, x 10 obj.). 
(Courtesy of Dr. Hubert A. Sissons.) 


Microscopie examination of sections stained with hematoxylin- 
eosin (H&E) generally shows irregular fragments of a glassy éosino¬ 
philie material, sometimes with an adjacent histiocytic or giant cell 
response (Fig. 9-9). Histologie sections of amyloid deposits stained 
with Congo red hâve a characteristic apple green biréfringence when 
examined under polarized lights. However, it should be noted that 
it may be difficult to recognize amyloid deposits when they occur in 
connective tissue matrix, because collagen, especially denaturated 
collagen, also produces a similar apple green color when examined 
under polarized light (Fig. 9-10). 

GAUCHER'S DISEASE 

The so-called lipidoses encompass a wide variety of disorders in 
which congénital enzyme deficiencies lead to the accumulation of 
complex lipid compounds. By far the most common of these disor¬ 
ders is Gauchers disease. 

There are three types of Gauchers disease that are inherited in 
an autosomal récessive fashion. These hâve been linked to particu- 
lar mutations: 

• Type I, the most common (N370S homozygote), occurs mainly 
in Ashkenazi Jews and about 1 in 15 of this population are 


carriers of the disease. It is usually diagnosed in late childhood 
or early adulthood. Life expectancy is mildly decreased. There 
are no neurologie symptoms. 

• Type II, seen in small children (1 or 2 alleles L444P) is char- 
acterized by neurologie problems. Prognosis is poor; most die 
before reaching the third birthday. 

• Type III (also 1 or 2 copies of L444P) occurs in Swedish patients 
from the Norrbotten région. This group develops the disease 
somewhat later, but most die before their 30th birthday. 

The disease is caused by a defect in the gene lysosomal glu- 
cocerebrosidase (also known as (3-glucosidase) that catalyses the 
breakdown of glucocerebroside, a cell membrane constituent 
of red and white blood cells. The macrophages that clear these 
cells are unable to eliminate the cell membrane waste product, 
which accumulâtes as intracellular fibrillary material. These mac¬ 
rophages are the Gaucher cells and appear on light microscopy 
to contain material that has been likened to crumpled up paper. 
They accumulate in the réticuloendothélial System, including the 
liver, spleen (splenomegaly may be dramatic), lymph nodes, and 
bone marrow (Fig. 9-11). 

Patients who présent with type II and III disease in infancy hâve 
an acute neuropathie form of the disease in which, during brain 
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FIGURE 9-7 A, Radiograph of the skull in a patient with generalized primary amyloidosis shows multiple lytic areas, which originally suggested the presence 
of a myeloma. B, Radiograph of a portion of the pelvis and the right hip in the same patient illustrated in (A). Again multiple lytic lésions can be seen in the 
neck and shaft of the fémur. In addition, a fracture has occurred through the fémoral neck. C ( Cut surface of the fémoral head removed from the patient with 
pathologie fracture shown in (B). The lytic areas are represented by sites of bone destruction filled by a glassy pink tissue. D, Histologie section demonstrates 
that glassy areas are acellular deposits of amyloid (H&E, x 1 obj.). E, A higher power view shows the dense éosinophilie amyloid deposits with admixed 
fibroblasts and vessels (H&E, x 10 obj.). 
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FIGURE 9-8 A, Radiograph of the wrist of a patient on long-term dialysis shows soft-tissue thickening and several lytic defects in the carpal bones due 
to pressure érosions from amyloid deposits in the synovial tissue. B, Photomicrograph of a segment of synovial tissue stained with hematoxylin-eosin. 
Within the collagenous tissue are pink acellular areas that stain a positive red-orange color (C) when stained with Congo red stain (Congo red, x 10 obj.). 



FIGURE 9-9 Photomicrograph of extensive amyloid deposit in the bone 
marrow (H&E, x 10 obj.). 

development and the formation of the myelin sheath, cerebrosides 
accumulate within the brain. 

Most patients with type I hâve a chronic form of the disease that 
pursues a benign asymptomatic course and that often is not diag- 
nosed until the patient is adult. A common complication, especially 
in younger individuals, is avascular necrosis of the fémoral head 
(Fig. 9-12). 



FIGURE 9-10 A, Photomicrograph of a section of synovial tissue with a 
considérable amount of amyloid deposits (Congo red stain, x 10 obj.). B, The 
same section polarized showing the difficulty of distinguishing amyloid from 
collagen by polarization. 

In more severely affected type I patients, the long bones show 
on radiographs irregular thinning of the cortices, which gives them 
a trabeculated appearance. Frequently, the lower end of the fémur, 
the upper end of the tibia, and the upper end of the humérus fail 
to remodel during development, leading to the Erlenmeyer flask 
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FIGURE 9-11 Gaucher's disease: photomicrograph shows widespread 
replacement of the bone marrow tissue by sheets of pink cellular tissue. 

Some residual normal marrow is seen at the top of the frame (H&E, x 4 obj.). 



FIGURE 9-12 A, Photograph of frontal section through a fémoral head 
removed from a middle-aged woman patient with Gaucher's disease. The 
marrow is dark red with a diffuse spotty infiltrate of grayish yellow tissue. 
On the superior articular surface is a 1.5-cm wedge-shaped focus of scarring 
and necrosis. B, A radiograph of the specimen slice; note the fractures that 
hâve occurred at the margins of the necrotic area. 


deformity (Fig. 9-13). The spine usually exhibits loss of density, and 
frequently one or more of the vertebrae show collapse with either 
a wedge-shaped deformity, platyspondyly, or occasionally, fish- 
mouth deformities (Fig. 9-14). In less severely affected individuals, 
a nonspecific osteopenia is the only skeletal finding. Occasionally 
in a few patients, in addition to osteopenia, some osteosclerotic 



FIGURE 9-13 Radiograph of the lower fémur of a patient with Gaucher's 
disease shows flaring of the metaphyseal région and distal diaphysis with a 
bubbly osteolysis of the affected bone. 



FIGURE 9-14 Radiograph of a patient with late stage Gaucher's disease, 
osteopenia, and collapse of L1, L2, and L5. 
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lésions are also présent. These areas of sclerosis probably resuit 
from infarction within the affected bone. 

The skeletal alterations in Gauchers disease resuit from mas¬ 
sive infiltration of the marrow space by large histiocytes, or 
Gauchers cells, that usually measure 40 to 80 pm in diameter and 
hâve a characteristic crumpled or wrinkled paper appearance of 
the cytoplasm (Figs. 9-15 and 9-16). Because the infiltration of 
the marrow space tends to compromise venous return, diagnostic 
bone biopsy may be complicated by secondary infarction and/or 
infection (Fig. 9-17). 

NIEMANN-PICK DISEASE 

Niemann-Pick disease, an autosomal récessive disorder, is char- 
acterized by an accumulation of sphingomyelin in the réticuloen¬ 
dothélial System. 

The classic présentation of Niemann-Pick disease is that of a 
child dying before the âge of 4 years with clinical findings of massive 
hepatosplenomegaly, foam cells in the bone marrow, and irréparable 
disordering of the nervous System. Postmortem examination reveals 
many lipid-laden histiocytes in nearly every organ of the body. 

PRIMARY HYPERLIPIDEMIAS AND XANTHOMATOSIS 

The presence of raised or abnormal levels of lipids or lipoproteins in 
blood is extremely common in the general population, as well as in 
familial type II hyperlipoproteinemia. Subcutaneous xanthomas and 
asymptomatic tendinous xanthomas are not uncommon. The most 


FIGURE 9-16 Radiograph of the humérus of a patient with Gaucher's 
disease complicated both by osteomyelitis and infarction. Note the linear 
marrow calcification so characteristic of infarction. 




FIGURE 9-15 A, A photomicrograph of an infiltrate of Gaucher's cells, which are seen to be swollen histiocytes with a foamy cytoplasm and a crinkled appearance. 
The infiltrate is replacing the normal bone marrow (H&E, x 10 obj.). B, A higher power image of the Gaucher's infiltrate (H&E, x 25 obj.). C, Shows the size of the 
Gaucher's cells relative to those of the bone marrow. Note also the cytoplasm of the Gaucher's cell, which has been likened to crumpled tissue paper (H&E, x 40 obj.). 
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FIGURE 9-17 A, Radiograph of the heel in a 25-year-old woman who had bilateral thickening of the Achilles tendons due to xanthomas. She also had 
xanthomas of the patellar tendon and xanthelasmas of the skin. The patient had marked hypercholesterolemia. Several members of her family suffered from 
the same condition. B, Magnetic résonance imaging scan shows extensive involvement of the Achilles tendon by xanthoma as well as involvement of the 
peroneus longus and brevis. C, Tissue removed from the thickened heel cord shown in (A). The yellowish color results from the lipid accumulation. D, Low-power 
photomicrograph of the removed tissue shows extensive cellular replacement of the normal collagenous tendinous tissue in which there are focal cleared areas 
that, on closer examination, were found to be due to cholestérol deposits (H&E, x 1.5 obj.). E, A higher power photomicrograph to demonstrate the packed 
fibrohistiocytic cells with many foamy lipid-laden cells (H&E, x 10 obj.). F, Photomicrograph shows lipid-filled foamy histiocytes and focal cholestérol clefts 
(H&E, x 10 obj.). 


common sites for tendinous xanthomas are the Achilles tendon 
(Fig. 9-18) and the extensor tendons of the fingers, where the lésions 
are likely to be bilateral and symmetrical. Occasionally, the plantar 
fascia is found to be infiltrated with xanthoma cells. 

The nontender masses in the tendons are generally only of cos- 
metic concern, although very occasionally associated tendinitis 


develops. Very rarely patients may complain of an acute transient 
arthritis of one or more joints. 

Gross examination of tissue obtained from an affected site gen¬ 
erally shows a bright yellow nodular lésion, which on microscopie 
examination reveals packed lipid-laden histiocytes, often with cho¬ 
lestérol clefts. 
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FIGURE 9-18 Radiograph of the wrist in a patient affected by membranous 
lipodystrophy shows lytic defects in the carpal bones that would in the 
absence of clinical information most probably be interpreted as degenerative 
arthritis or tumor. (Courtesy of Dr. Gordon Harloe.) 


MEMBRANOUS LIPODYSTROPHY, 

LIPOMEMBRANOUS POLYCYSTIC 
OSTEODYSPLASIA (NASU-HAKOLA DISEASE) 

A very rare disturbance in lipid metabolism, affecting both the 
skeleton and the central nervous System, has been described 
mainly in Japan and Finland, although the disease is not exclu- 
sively found in these races. The affected individuals are generally 
in their teens or early 20s at the time of diagnosis and both sexes 
are affected. 

The patients may initially présent with bone pain or patho¬ 
logie fracture, usually in the hands or feet or around major joints. 
Later neurologie symptoms such as ataxia, tremor, urinary incon¬ 
tinence, or psychiatrie disease such as paranoia or even early onset 
dementia occur. The outcome is usually early death during the fifth 
decade. 



Radiographs show well-defined cystic lésions with sclerotic 
margins in the metaphysis of long bones and in carpal or tarsal 
bones. Radiographically, the axial skeleton is generally not affected 
(Fig. 9 - 19 ). 

Microscopically in the affected areas, the fatty bone marrow is 
replaced by characteristic membranous lined cysts, which hâve a 
markedly papillary and folded appearance. (Because occasionally 
similar membranous structures are very occasionally seen in isch¬ 
émie fat in association with other conditions, the diagnosis of Nasu- 
Hakola disease is therefore dépendent not only on the histology but 
also on the clinical présentation [Fig. 9 -20].) 

Recently, molecular analysis of affected families has revealed 
mutations in the DAP12 ( TYROBP ) or TREM2 genes. This provides 
an interesting example of how mutations in two different subunits of 
a multisubunit receptor complex may resuit in an identical human 
disease phenotype. 


Skeletal Manifestations of 
Hématologie Diseases 


Various hématologie conditions such as the hemolytic anémias, 
hemoglobinopathies, and bleeding diatheses often lead to bone dis¬ 
ease or joint damage. (Joint destruction secondary to chronic bloody 
synovial effusions as seen in patients with hemophilia is considered 
in Chapter 12.) 

Changes in the cancellous bone are generally secondary to either 
erythroid hyperplasia, as seen in patients with thalassemia and the 
hemolytic anémias, or vascular thrombosis with subséquent infarc- 
tion and infection, as seen in patients with sickle cell disease. 

The severity of disease seen radiographically dépends, to a cer¬ 
tain extent, on the âge of the patient at présentation, with children 
often more dramatically affected. 

Location also varies with âge. In patients who manifest chronic 
hématologie disease during infancy, the hands and feet show marked 
skeletal alterations, whereas in slightly older children, the skull may 
be the prédominant site. In the mature skeleton of an adult the most 
dramatic changes usually affect the pelvis and the spine. 



FIGURE 9-19 A, Radiographs of the lower leg and hind foot show lytic lésions in the calcaneus, talus, tibia, and fibula. B, Computed tomography cross-sectional 
imaging of the lower leg and hind foot showing multiple well marginated lytic lésions. 
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FIGURE 9-19—CONT'D C, Magnetic résonance imaging scan of the brain shows cérébral atrophy. D ( Photomicrograph of biopsy obtained from one of the 
cystic spaces reveals collapsed cystic spaces with folded membranous linings (H&E, x 4 obj.). E ( Photomicrograph of section stained with Luxol fast blue to 
demonstrate the lipid in the membranes (x 50 obj.). F, Photomicrograph of section stained with periodic acid-Schiff stain (x 50 obj.). 



FIGURE 9-20 Photomicrograph showing lésions identical to those seen 
in membranous lipodystrophy in traumatized fibrolipomatous tissue 
(H&E, x 25 obj.). 


HEMOCHROMATOSIS 

Primary hemochromatosis is one of the most common inheritable 
genetic defects, especially in people of northern European extrac¬ 
tion, with about 1 in 10 people carrying a mutation in one of the 
genes regulating iron metabolism. Five types of disease based on dif¬ 
ferent gene mutations hâve been recognized, ail but one of which are 
récessive. Increased iron absorption is associated with the accumu¬ 
lation of iron in various tissues. Early récognition and treatment of 
this condition can help prevent significant organ damage. (Excessive 
iron accumulation [usually of the viscéral organs and in particular, 
the heart and liver] may also be caused by massive oral iron intake or 
by severe chronic hemolytic anémia that requires protracted courses 
of transfusion therapy. The resulting disease is known as secondary 
hemochromatosis, and this is probably the most common form of 
the condition.) 

Patients with hemochromatosis often first présent when they are 
in their 50s with liver disease. When younger patients présent, the 
disease is usually more severe. 
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In general, the radiographie changes in the bones and joints in 
hemochromatosis are nonspecific and are best characterized as 
a noninflammatory arthropathy, classically with involvement of 
the metacarpophalangeal joints, especially the second and third 
(Fig. 9-21). Less commonly, large joints, such as the shoulder and 
elbows (a distribution that is atypical for classic osteoarthritis), are 
involved (Fig. 9-22). There may be régional osteoporosis as well as 
peculiar cysts and érosions around the affected joints. Of interest is 
the associated high incidence of chondrocalcinosis in patients with 
hemochromatosis (15% to 30%), which is usually attributed to inter¬ 
férence by iron with the enzymatic dégradation of pyrophosphates 
(Fig. 9-23). Grossly the disease may be recognized by a generalized 
mahogany brown coloration of the tissues, which is reflected micro- 
scopically as an accumulation of hemosiderin pigment (Fig. 9-24). 
Treatment should be directed at the underlying disorder that is caus- 
ing the accumulation of iron. 

(The brown discoloration of the joint tissue classically seen in 
patients with this disorder may easily be confused with local iron 



FIGURE 9-21 Dorsovolar radiograph of both hands of a 53-year-old woman 
with hemochromatosis. There is a generalized arthropathy that shows beak- 
like osteophytes arising from the heads of the second and third metacarpals 
on the radial aspect. The interphalangeal, metacarpophalangeal, and carpal 
articulations are also affected by severe narrowing, destructive changes and 
subluxation. 



FIGURE 9-22 Magnetic résonance imaging scan of a frontal slice through 
the shoulder of a young patient in mid 20s with gradually worsening pain. 
Biopsy showed heavy iron deposits and cartilage necrosis consistent with 
hemochromatosis. 



FIGURE 9-23 Photograph of the médial meniscus and a portion of the 
arthritic tibial plateau removed from a patient with hemochromatosis. 

In addition to a dark blue-black staining of residual cartilage, chalk white 
deposits of calcium pyrophosphate crystals are seen both on the meniscus 
and over much of the articular surface of the tibia. 


déposition from extravasated blood, as seen in patients with trau- 
matic arthropathy or hémophilie arthropathy.) (See also Chapter 12.) 

SICKLE CELL DISEASE 

A number of hématologie diseases resuit from the formation of 
abnormal hemoglobin; these conditions are known collectively as 
the hemoglobinopathies. In sickle cell disease, a point mutation in 
the p-globulin chain of hemoglobin results in a substitution of the 
amino acids glutamic acid, with the less polar amino acid valine. 
In conditions of low oxygen tension, this causes crystallization of 
the hemoglobin molécule, which, in turn, results in formation of 
abnormal sickle shaped érythrocytes and subséquent hemolysis. 
The hemolytic anémia, in turn, leads to bone marrow hyperplasia. 

Sickle cell disease is practically limited to blacks, and it is esti- 
mated that about 8% to 10% of blacks hâve the sickle cell trait (the 
heterozygous form of sickle cell hemoglobinopathy); however, only 
about 0.15% hâve sickle cell anémia (the homozygous form of the 
disorder). Carriers of the disease, that is, those with sickle cell trait, 
hâve symptoms only when deprived of oxygen (high altitudes or 
under conditions of déhydration). 

In those patients with sickle cell anémia who survive into later 
childhood and adulthood, the clinical course is characterized by 
alternating exacerbations and remissions. During the remissions, 
there is persistent anémia, a slight icteric tint of the sclerae, and évi¬ 
dence of sickling of the red blood cells. At unpredictable intervals, 
there is exacerbation of the disease process (a crisis), during which 
the anémia may become gradually or rapidly worse. This is charac¬ 
terized by rapid destruction of érythrocytes, with associated fever, 
increased icterus, nausea, vomiting, abdominal pain, and severe 
prostration. The crisis is often precipitated by an infection, espe¬ 
cially in relation to the respiratory tract. 

Other clinical features of the disorder include enlargement of the 
liver, initial enlargement of the spleen (this usually is seen only in 
the younger patients since later the spleen shrinks due to repeated 
infarcts), cardiac hypertrophy, récurrent chronic ulcers of the legs 
(especially in the région of the ankles), and épisodes of severe pain 
secondary to local infarctions in the viscera, or bones and joints. 

Radiologie examination of the skeleton may reveal general¬ 
ized osteoporosis in the spine, often associated with vertébral 
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collapse, wedge-shaped deformities, and kyphoscoliosis (Fig. 9-25). 
Characteristic changes may also be observed in the phalangeal bones 
of the hands and feet following infarcts that develop in infancy and 
interfère with normal growth (Fig. 9-26). 

A serious problem in sickle cell disease is the development of 
infarcts, which may occur in any organ but notably in the spleen. In 
the skeleton, the infarcts may be located anywhere, although they 


are frequent in the hands and feet, as well as in the fémoral head and 
spine (usually the lower spine). Infarction is often heralded by severe 
and sudden pain which may awaken the sleeping patient. Initial 
radiographs are normal, with infarct-related x-ray changes develop- 
ing only after some months (see Chapter 15). 

In addition to compression fractures and wedging fractures sec- 
ondary to osteoporosis, the spines of affected children may also 



FIGURE 9-24 A, Photograph of the articular surfaces of the knee joint of a patient with hemochromatosis. The black-green staining of the cartilage 
results from the accumulated blood pigment, which eventually interfères with chondrocyte function and hence cartilage matrix metabolism. (Note: the gross 
and microscopie changes in hemochromatosis are similar to those seen in hemosiderosis. See Fig.12-68A.) B, Section through the fémoral condyle shows 
séparation of the necrotic articular cartilage from the underlying bone. C ( Photomicrograph of the articular cartilage of the fémoral condyle shows extensive 
chondrocyte necrosis and heavy iron staining at the surface (Prussian blue, x 4 obj.). D, Higher power shows iron staining within the chondrocytic lacunae 
(Prussian blue, x 25 obj.). E, Photomicrograph demonstrates hemosiderin within the chondrocytes (H&E, x 50 obj.). 


(Continued) 
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FIGURE 9-24—CONT'D F, Photomicrograph of synovial membrane shows heavy hemosiderin déposition together with mild chronic inflammation 
and hypervascularity (H&E, x 10 obj.). G, Same section stained with Prussian blue stain shows extent of iron déposition (x 4 obj.). H, Higher power 
photomicrograph of the synovium (H&E, x 25 obj.). 



FIGURE 9-25 Latéral radiograph of the spine of an adolescent black man 
with sickle cell disease. Note the mild osteopenia, with accentuation of the 
vertical trabeculae, and the central collapse of the vertébral bodies in the 
upper and midthoracic spine. 



FIGURE 9-26 Radiograph of the hand of a patient with sickle cell disease. 
The shortening of the first metacarpal and of some of the phalanges is 
secondary to growth disturbances following sickle cell crises in infancy. 
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exhibit a double concavity resulting from collapse of the central 
portion of the vertébral body under the hyaline growth plate. Rather 
than being compression fractures caused by mechanical failure, it 
has been suggested that these lésions are the resuit of relative isch- 
emia in this région of the vertébral body. 

On macroscopie examination, the bones show a congested, dusky 
red appearance, indicative of marked erythroid hyperplasia of the mar- 
row (Figs. 9-27 and 9-28). Microscopically, the érythrocytes themselves 
are deformed and often crescent shaped, which gives rise to the term 
sickle cell (Fig. 9-29). There may be profound osteoporosis because of 
marrow impingement on the adjacent trabecular bone structure. 

Osteomyelitis is well-recognized complication of sickle cell disease, 
and this condition is usually the resuit of infection with Staphylococcus 
aureus . However, in some cases, it is due to infection with the 
Salmonella organism (Fig. 9-30). In the past, this complication often 
necessitated amputation of the involved extremity (Fig. 9-31). 

THALASSEMIA 

Thalassemia is inherited as a récessive condition that produces 
a deficiency of oc- or (3- globulin in hemoglobin. Patients with 
homozygous (3-thalassemia are usually severely anémie. Marked 



FIGURE 9-27 Photograph of a frontal section through the fémur of a child 
who died from the complications of sickle cell disease. Note the dusky 
reddish brown appearance of the hyperplastic packed marrow. 



marrow hyperplasia (mainly due to erythroid hyperplasia) is asso- 
ciated with profound osteoporosis, and the radiographie changes in 
children are évident mainly in the skull, long bones, and metacarpals 
and metatarsals. As the patient matures, there is less involvement of 
the peripheral skeleton. 

In general, the long bones show medullary widening with corti¬ 
cal thinning, often with development of saber shins. Involvement 
of the spine is usually manifested as kyphosis or scoliosis, which 
results from vertébral collapse. There may be a dramatic widening 
of the diploic space of the skull, with thinning and displacement of 
the trabeculae, producing a hair-on-end appearance (Figs. 9-32 and 
9-33). The hands and feet may exhibit medullary widening and cor¬ 
tical thinning of the metacarpals and metatarsals, which appear on 
radiographs as a honeycomb pattern (Fig. 9-34). Involvement of the 
maxillary bones and sinuses may lead to a peculiar rodent faciès. 
(Although osseous changes may also be observed radiographically 
in patients with the mild forms of thalassemia, they are usually much 
less severe.) 

Grossly, the bones appear dusky red and are markedly ostéopénie 
(Fig. 9-35). Microscopie examination of bone tissue from severely 



FIGURE 9-28 Histologie section of a vertébral body from a child with sickle 
cell disease. The marrow space is entirely filled with hematopoietic tissue, 
and there is very little fat évident. (Normally the marrow is 50% fat and 50% 
hematopoietic tissue. Many of the cleared areas seen in the bone marrow in 
this section are artifactual.) Osteoporosis is also présent (H&E, x 1 obj.). 



FIGURE 9-29 A, Photomicrograph demonstrating sickle cells in blood clôt (H&E, x 25 obj.). B, Sickled red cells within the lumen of a blood vessel. (Nomarski 
differential interférence contrast microscopy, H&E, x 100 obj.). 
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FIGURE 9-30 Radiograph of the right arm of a patient with sickle cell 
disease who has developed a diaphyseal osteomyelitis due to infection with 
a Salmonella organism. Note the large sequestrum and extensive periosteal 
involucrum. 


affected patients reveals dramatic hyperplasia of the marrow, espe- 
cially of the erythroid components and marked osteopenia, Péris 
Prussian blue staining demonstrates marked iron déposition in the 
bone marrow as well as in zones of mineralization and cernent Unes 
(Fig. 9-36). 

Occasionally, thalassemia is seen in association with sickle cell 
disease, and in such cases, infarcts may be superimposed on the 
other symptoms. 

MYELOFIBROSIS (AGNOGENIC MYELOID 
METAPLASIA; ASSMANN'S DISEASE) 

Myelofibrosis, a relatively uncommon disease, is characterized by a 
diffuse fibrous replacement of the marrow with an associated gran- 
ulocytic hyperplasia of the hematopoietic éléments and the slow 
development of extramedullary hematopoiesis. The disease occurs 
with about equal frequency in men and women, and is more com- 
mon clinically among older individuals. It is usually reactive follow- 
ing other myeloproliferative disorders such as polycythemia vera or 
essential thrombocytosis. The symptoms are progressive anémia 
and hepatosplenomegaly. 

On radiographie examination, in approximately 50% of cases, 
the bones, particularly of the axial skeleton, show a diffuse but 
occasionally patchy sclerosis. The bony sclerosis, in combination 
with the marrow fibrosis, accounts for the frequency of dry taps 
when marrow aspiration is attempted. Approximately half of ail 
adult patients exhibit dramatic involvement of the spine, pelvis, 
ribs, sternum, proximal humérus, and fémur (the common sites 
of adult hematopoiesis) (Fig. 9-37). The skull is rarely involved. 
The involved bones are not expanded, and there is no change 
in their contour. The differential diagnosis is usually not diffi- 
cult because of the diffuse sclerosis that occurs in this condition. 
Rarely, this disease may be closely mimicked by some cases of 



FIGURE 9-31 Section taken through the tibia from a patient with sickle cell 
disease who developed osteomyelitis. The specimen shows extensive necrosis, 
seen as an opaque yellow coloration of the bone toward the ankle joint, 
and between the necrotic bone and the living bone above there is a focus 
of partly viable infected tissue. Surrounding the infected segment there is a 
periosteal reaction. 



FIGURE 9-32 Thalassemia: section through the skull shows marked thinning 
of the inner and outer bone cortices and an open porotic cancellous bone. 
The mahogany brown color results from extensive iron déposition in the 
marrow. 
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metastatic carcinoma and the rare osteosclerotic form of myelo- 
matosis. Rare cases of spinal cord compression resulting from 
an extradural mass of hematopoietic tissue hâve been reported. 
About 20% of patients with myelofibrosis eventually develop 
acute myelogenous leukemia. 

Microscopie examination of the marrow shows obliterative 
fibrosis in the late stages. In early stages, marked marrow hyper- 
plasia and bizarre cell types may be seen, as well as an increase 
in réticulum fiber production. When viewed with polarized 
light, the thickened bone may be found to hâve a largely woven 
appearance. 


FIGURE 9-33 Radiograph of the skull of a patient with thalassemia major 
shows characteristic hair-on-end appearance. 



FIGURE 9-34 Radiograph of the hands in a patient with thalassemia shows 
severe osteoporosis with a honeycomb and cystic pattern of the cancellous bone. 


FIGURE 9-36 Thalassemia: photomicrograph of a section of bone stained 
with Péris' stain, which stains iron a blue color, shows the location of iron at 
the mineralization front (x 25 obj.). 




FIGURE 9-35 A, Segment of the vertébral column from a young patient with thalassemia major. The bone marrow is mahogany brown in color. B, Radiograph 
of the specimen reveals marked osteopenia. 
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FIGURE 9-37 A, Close-up photograph of the eut surface of a portion of the lower thoracic spine of a patient with myelofibrosis, to show the pale appearance 
due to the fibrotic replacement of the bone marrow. Note the lack of any deformity in the contours of the vertébral bodies. B, Photograph of a sagittal section 
through the macerated lumbar spine. Note the extremely sclerotic bone associated with this condition. A radiograph (C) of the same specimen shows patchy 
osteosclerosis, with a complété loss of the normal trabecular pattern. A specimen radiograph (D) of a 2-mm slice through one of the vertebrae demonstrates 
more clearly the mottled sclerosis and loss of trabecular pattern seen in this condition. Photomicrograph (E) shows a section of bone from one of the vertébral 
bodies. Note that there is extensive new bone formation, as well as fibrosis of the marrow space with displacement of hematopoietic tissue.The same specimen 
photographed with polarized light 
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FIGURE 9-37—CONT'D (F) shows that the extensive new bone formation has an immature or woven pattern (H&E, x 10 obj.). G, A higher power 
photomicrograph to demonstrate marrow fibrosis, focal erythroid hyperplasia, and atypical myeloid cells (H&E, x 25 obj.). 





SECTION IV 

Arthritis 



Alexander Ogston (April 1844— Thomas Walmsley (1889—March 
February 1928). The eldest son 1951). Walmsley was professor of 
of Francis Ogston, professor of anatomy in The Queens Univer- 
medical jurisprudence in the sity of Belfast. He was educated at 
University of Aberdeen, Alexan- Glasgow University and graduated 
der Ogston took his MB, ChB at in medicine in 1912. In 1916, he 
Aberdeen with honors in 1865, was awarded the MD degree with 
and 1 year later received his doc- honors, and was BellahoustonGold 
torate. Later he studied abroad at Medalist for his thesis on joints 
Prague, Vienna, Berlin, and Paris, and their mechanisms, an interest 
In 1882, Ogston became Regius that was to persist throughout his 
Professor of Surgery at Aberdeen, life. The importance of Walmsley s 
a post that he held with great dis- studies toward an understand- 
tinction for 27 years. He is best ing of joint mechanics cannot be 
remembered as the discoverer and overestimated. (In Memoriam: 
namer of Staphylococcus aureus, Thomas Walmsley, M.D., F.R.S.E. 
which he recognized was the cause 1889-1951. [no authors listed]. 
of abscess formation. His studies J Anat 1952;86[Pt 2]:226-228.) 
on joints, ‘The growth and main¬ 
tenance of articular ends of adult 
bones’ (J Anat Physiol 1878), is 
fundamental to the understanding 
of joint anatomy. (From the Well¬ 
come Library, London.) 
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To a man who does not understand the workings ofa machine, itnaturally 
seems, when he sees it in operation, that the most important part ofthe 
machine is the chip ofwood that accidentally got into it and is tossed 
about in it, interfering with its working. A man who does not know the 
construction ofthe machine cannot understand that it is not this harmful 
and interfering chip ofwood, but that little transmission gear turning 
noiselessly that is one ofthe most essential parts ofthe machine. 

Léo Tolstoy's War and Peace; transi. R. Pevear and L. Volokhonsky, 

New York: Alfred A. Knopf, 2007, p. 1021 

The major business of orthopaedic surgeons, rheumatologists, phy- 
siatrists, chiropractors, osteopaths, masseur therapists, and many oth- 
ers, is the treatment of “arthritis,” a disease State that few of us escape. 

In the simplest terms, an arthritic joint is a broken joint. Again in 
the simplest terms, a joint is a hinge, and if you hâve ever tried to deal 
with a simple broken door hinge, you quickly realize that you need 
to know how it works before you can fix it. From ail of those hours 
spent in the dissecting room as a student, it is hoped that one cornes 
out realizing that joints are awfully complicated hinges and that only 
two of them are ever exactly the same: the one on the right side and 
the one on the left side, which are more or less mirror images of each 
other. The bioengineers hâve discovered that creating an artificial 
joint or artificial tissue that works like the real thing is not easy. 

Considering how many joints we hâve, isnt it interesting that 
so few of them commonly give us problems? (The knee, of course; 
the lower back; the hip; and the big toe.) When we look inside the 
arthritic joint, often it is only certain parts of the joint that show 
damage. Certainly in the knee, the médial compartment is much 
more often damaged than the latéral compartment. So what is it that 
makes one joint or one part of a joint more susceptible to injury and 
breakdown than another? To know that, we need to know, in much 
greater detail than we do, how normal joints function and how their 
local environments differ. 

Norms are recognized as such only through infractions. Functions are 
revealed only by their breakdown. 

Georges Canguilhelm, Le normal et le pathologique. Paris, Clermont- 
Ferrand, 1966. 

Joint dysfunction (arthritis) is characterized clinically by insta- 
bility, loss of motion, maldistribution of load, and associated pain. 
Conversely, normal joint function is characterized by: the mainte¬ 
nance of stability during use; freedom of the opposed articular sur¬ 
faces to move painlessly over each other within the required range of 
motion; and correct distribution of load across joint tissues, which 
might otherwise be damaged by overloading or become atrophied 
because of habituai underloading (disuse). 

The particular function of each joint is fulfilled by the architec¬ 
ture of that joint and the mechanical properties of the matrices of 
the connective tissues of which the joint is constructed. An intact 
neuromuscular control of the joint is essential. 


Function and Anatomy 


The three interdependent aspects of joint function (stability, motion, 
and load distribution) dépend on three major anatomie features. 

GEOMETRY OF OPPOSED ARTICULATING 
SURFACES OFTHE JOINT 

Perhaps the most obvious feature of any joint is its unique shape. In 
general, one joint surface is convex, whereas the other is concave. 
The convex, or male, side of the joint usually has a larger articu¬ 
lar surface than the concave, or female, side. The female side of the 
joint is often augmented by a pliable dense fibrous component, such 



FIGURE 10-1 The physiologie incongruity between the articular surfaces 
also allows access for the synovial fluid, which is important for both nutrition 
and lubrication. 

as the labrum of the hip or the menisci of the knee, which hâve an 
important rôle in normal function. The complementary shapes of 
the surfaces are necessary to permit the normal range of motion 
for that particular joint as well as to provide stability and ensure the 
most équitable loading during use (Fig. 10-1). 

At first sight in some joints (for example, the hip and the ankle), 
the articular surfaces appear to fit very exactly (i.e., they appear con¬ 
gruent). However, in other joints (e.g., the knee and finger joints), it 
is readily apparent that the surfaces are incongruent. For a long time, 
it was believed that congruence (exact fit) was a normal feature of 
a joint. However, the concept of congruence in ail positions of the 
joint would imply that joint surfaces were perfectly spherical, per- 
fectly cylindrical, or perfectly fiat, which they are not, and therefore, 
no normal joint can be congruent in ail positions, although it may be 
more congruent in one position than in another. 

In many joints, of which the knee is a notable example, the gross 
incongruence of the opposed surfaces is partially compensated for 
by the interposed, pliable intra-articular fibrocartilaginous menisci. 
(These latter structures constitute an important component contrib- 
uting to joint shape and function and cannot be removed without 
significant conséquences [Fig. 10-2].) 

Because the tissues of a joint undergo elastic deformation under 
load (particularly the cartilage but also the bone), as the load 
increases, the surfaces of the joint corne into increasing contact, 
thereby distributing the load more equitably (Fig. 10-3). Both the 
incongruence and the deformation of the joint space under load¬ 
ing conditions provide for the circulation and mixing of the synovial 
fluid essential to the metabolism of the chondrocytes. 

MECHANICAL PROPERTIES OF EXTRACELLULAR 
MATRICES OF BONE, CARTILAGE, AND OTHER 
CONNECTIVE TISSUES 

Most investigators since William Hunter hâve recognized the impor¬ 
tance of the articular cartilage to joint physiology. As Hunter noted 
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FIGURE 10-2 A latéral magnetic résonance imaging scan of a normal knee 
shows the gross incongruity of the cartilaginous surfaces partially corrected by 
the interposed menisci, which act as load-bearing structures. 


in 1743, The articulating cartilages are most happily contrived to ail 
pur poses of motion in those parts. By their uniform surface, they 
move upon one another with ease; by their soft, smooth and slippery 
surface, mutual abrasion is prevented; by their flexibility, the contig- 
uous surfaces are constantly adapted to each other and the friction 
diffused equally over the whole; by their elasticity, the violence of any 
shock, which may happen in running, jumping, etc. is broken and 
gradually spent; which must hâve been extremely pernicious, if the 
hard surfaces of bones had been immediately contiguous.’ Hunter, 


in these few sentences, perfectly summarized the function of car¬ 
tilage. However, it needs to be also recognized that the mechanism 
of the joint includes the bone beneath the cartilage, the ligaments 
that conjoin the articular bone ends, and other structures besides. 
Alterations in the mechanical properties of bone or disruption of 
the ligaments may hâve equally disastrous effects on joint function 
as alterations in cartilage properties. 

The physical properties of connective tissues are determined 
by their extracellular matrices. In each of the different connective 
tissues, as well as in each particular structure, the matrices hâve a 
unique composition and organization that provide for mechanical 
function at that locus. Some of the details of this organization are 
discussed in Chapter 1. 

The connective tissue matrices are both synthesized and broken 
down by their intrinsic cells (e.g., osteoblasts, ostéocytes, osteo- 
clasts, chondrocytes). In maintaining the physicochemical and 
mechanical properties of tissues, the function of these cells must 
be subject to highly sensitive feedback Systems involving both local 
and systemic factors, which are only now beginning to be studied 
(Fig. 10-4). 

INTEGRITY OF LIGAMENTS, MUSCLES, AND 
TENDONS SUPPORTING THE JOINT AND THEIR 
NEUROMUSCULAR CONTROLS 

Functional joint anatomy must include a considération of the liga- 
mentous conjoining of the articulating surfaces as well as of the neu- 
romuscular control of joint motion. Sensory feedback monitors our 
movements through the perception of touch, température, pain, and 
position. During childhood, we explore, learn, practice, and perfect 
skills that will eventually become automatic. The fact that some of us 
develop better athletic skills than others is perhaps not as dépendent 
on strength and endurance as it is on optimization of the sensory 
modulation of movement. Correct joint function is thus dépendent 
on intact ligaments and neuromuscular coordination (Fig. 10-5). 
As recognized by Charcot in the 19th century, a breakdown of neu¬ 
romuscular coordination can lead to profound arthritis. 



FIGURE 10-3 The dimensions of the interarticular space change with both load and position. These changes provide for circulation of the synovial fluid and 
also for the pumping of synovial fluid through the cartilage matrix. 
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FIGURE 10-4 Diagrammatic représentation of a chondrocyte to show 
some of its metabolic functions. In this diagram, the anabolic activity of 
the chondrocyte is stressed, but the chondrocyte also has a catabolic rôle, 
producing substances that break down the cartilage matrix. 



FIGURE 10-5 A joint should be thought of not only in terms of the articular 
cartilage and synovial lining but also as a mechanical System, which includes 
ail the surrounding ligaments, tendons, sensory and motor nerves, and 
muscles. 


Normal Joint Physiology 


Anatomy is concerned with the structure of living things; physiol¬ 
ogy is concerned with their normal dynamic phenomena. Wolff s 
law States that bone density and bone architecture correlate with 
the magnitude and direction of applied load. In the articular end 
of a bone, this implies that the subchondral bone trabeculae must 
also undergo a self-regulated modeling that maintains a joint shape 
capable of optimal load distribution. In other words, the shape of 


bones, including the articular ends, reflects a dynamic State that 
also incorporâtes a feedback dépendent on mechanical stress. 

One mechanism that provides for both growth and bone modeling 
is endochondral ossification. This process is exemplified in the epiphy- 
seal growth plate, where calcified cartilage is invaded by blood vessels 
from the metaphyseal bone and replaced by bone tissue synthesized 
by osteoblasts lying close to the invading blood vessels (see Chapter 1). 
Studies of adult joints hâve shown that replacement of the calcified 
layer of articular cartilage by bone tissue involves a similar process. 

Blood vessels from the subchondral bone penetrate the calcified 
zone of the articular cartilage, and alongside the channels, which are 
created by this process, new bone is laid down; thus the calcified car¬ 
tilage is slowly replaced by new subchondral bone (Figs. 10-6 and 
10-7). Replacement of the calcified layer of cartilage by bone might be 
expected to resuit in its eventual disappearance. However, histologie 
study of articular cartilage from subjects of various âges shows that 
this does not happen. The thickness of the calcified zone of articular 
cartilage remains much the same throughout life because the calci¬ 
fication front (tidemark) continues to advance into the noncalcified 
cartilage at a slow rate that is in equilibrium with the rate of replace¬ 
ment from the subchondral bone. Therefore a priori, articular carti¬ 
lage is not a static tissue as it was long believed to be. The extracellular 
matrix and the chondrocytes are replaced throughout life, and the 
joint undergoes continuous remodeling (see also Fig. 1-56). 

Heterogeneity of cartilage tissue including both morphologie and 
biochemical variations can be observed within different régions of 
a normal weight-bearing joint. For example, there is a variation in 
stiffness in different areas of the fémoral head that has been related 
both to proteoglycan (PG) content and to the amount of water held 
by the tissue. 

Another example of normal géographie variation can be observed 
in the tibial plateau of humans as well as other animais, where there 
are distinct morphologie différences between articular cartilage that 




New tidemark 
Old tidemark 
Bone-cartilage interface 
Subchondral bone 


FIGURE 10-6 The articular cartilage is locked to the underlying bone 
by a layer of calcified cartilage. The edge between the articular cartilage 
and the calcified zone is marked by a basophilie line—the tidemark. With 
accelerated rates of calcification, many tidemarks may be présent, and 
unless ossification of the calcified zone takes place, the calcified layer will 
become thicker (H&E, x 25 obj.). 
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FIGURE 10-7 Photomicrograph demonstrates vascular invasion of the calcified région of articular cartilage with subséquent bone formation (H&E, x 10 obj.). 


is covered and that is not covered by the meniscus. These différences 
consist of a rough surface and soft matrix in the uncovered area as 
compared with the smooth, firm areas covered by the menisci. We 
hâve examined adult human as well as dog knee joints at autopsy 
and found that articular cartilage not covered by meniscus always 
showed matrix softening and superficial fibrillation. The morpho¬ 
logie and biochemical findings in these two distinct articular areas 
as studied in the adult dog are summarized in Figure 10-8. 

We hypothesize that these naturally occurring variations in mat¬ 
rix structure and mechanical properties are related to joint loading 
experienced in normal everyday use. In the normally functioning 
knee, load is transmitted through the meniscus and onto the tib¬ 
ial cartilage underlying the meniscus, whereas the exposed cartilage 
that is not covered by the meniscus remains relatively underloaded. 
Other similar areas of possible disuse atrophy hâve been described 
around the rim of the radial head, in the roof of the acetabulum, and 
on the perifoveal and inferomedial aspects of the fémoral head. 

The extracellular matrix of the cartilage and of the other connec¬ 
tive tissues is synthesized by their intrinsic cells under the control of 
both local and systemic factors. Both in vivo and in vitro studies hâve 
demonstrated that changes in the immédiate environment of the 
joint lead to alterations of the cartilage matrix. Thus, immobilization 
or unloading of a joint results in decreased synthesis of glycosamino- 
glycans (Fig. 10-9). Conversely, exercise appears to increase synthe¬ 
sis. These experimentally induced variations are in agreement with 
naturally observed topographie variations in joints that hâve been 
ascribed to normally occurring patterns of loading that affect the 
joints. In general, it seems that low levels of mechanical stress (i.e., 
below the physiologie range) are associated with enhanced catabolic 
activity, whereas stress within the physiologie range is associated with 
increased anabolic activity. Under conditions of supraphysiologic 
stress, the chondrocytes are unable to adapt. In other words, there is 
a window of physiologie stress above or below which the chondro¬ 
cytes cannot maintain an adéquate functional matrix (Fig. 10-10). 

Although a number of substances hâve been implicated in the 
transduction of mechanical stimuli to metabolic events, the exact 
mechanism remains unclear. 


The Pathophysiology of a 
Dysfunctional Joint 


Arthritis is the clinical term used to describe the conséquences of 
a breakdown in the joints normal function. These dysfunctions 


include loss of capacity for the articulating surfaces to move over 
one another easily, loss of joint stability, and, almost always, pain. 

The loss of freedom of motion is usually associated with a change 
in joint shape and alterations in the tissue matrices themselves, which, 
in turn, affects their mechanical properties. Instability may resuit 
from alterations in ligamentous support and neuromuscular control. 
Pain may hâve a variety of sources: it may originate in the bone as a 
resuit of maldistribution of load; in the synovium as a resuit of reac¬ 
tive synovitis; or in the muscle as a conséquence of reflex spasm. 

Therefore, it follows that malfunction of a joint can be caused by 
acute or chronic injuries that produce either: 

• Anatomie alterations in the shape of the articulating surfaces, 
for example, a fracture (Fig. 10-11), or alteration in the rate of 
bone modelling (Pagets disease, hyperparathyroidism). 

• Loss of integrity of the cartilage matrix or support structures 
around the joint, for example, by infection or immunologi- 
cally mediated inflammation or mechanical injury of articular 
cartilage, ligaments, tendons, or capsular tissue. 

• Alterations in the mechanical properties of the tissue matri¬ 
ces making up the joint, due to disturbances affecting matrix 
synthesis (e.g., ochronosis). 

During the past century, on the basis of their characteristic 
clinical présentations and their morbid anatomy, several forms 
of arthritis hâve been well delineated. These include the infec- 
tious arthritides, both granulomatous and pyogénie; metabolic 
arthritis (e.g., goût and ochronosis); and the various rheumatic 
syndromes that hâve been classified according to their clinical 
and immunologie characteristics. Histologically, these rheumatic 
inflammatory arthritides show a destructive pattern but may be 
difficult to differentiate from each other solely by microscopie 
examination. 

However, even when these various étiologies hâve been con- 
sidered, there remain an enormous number of cases of arthri¬ 
tis affecting especially certain small joints of the hands and feet 
and some larger joints, of which the hip and knee are particularly 
commonly involved. These cases, which run a chronic course, are 
not primarily inflammatory and usually occur in older individu- 
als. The clinical présentation and morbid anatomy in these cases 
are similar enough for ail of them to be classified under the gen¬ 
eral appellation of osteoarthritis (OA). In the majority of cases, the 
etiology has been poorly understood, although mechanical injury 
is believed to be the most likely culprit. 
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MORBID ANATOMY OF THE ARTHRITIC JOINT 
Shape 

A change in joint shape, resulting from cartilage and bone loss, is a 
characteristic resuit of the inflammatory arthritides, that is, infec¬ 
tion and rheumatoid arthritis (RA). However, in OA, although 
bone and cartilage loss may play an important part in the process, 
it is the addition of new bone and cartilage in the form of osteo- 
phytes, particularly at the joint periphery and sometimes beneath 
the articular surface, that is the most characteristic feature of the 
disease (Fig. 10-12). 

Tissue Alterations 

Before discussing the gross and microscopie findings in the cartilage, 
bone, and synovial tissues of arthritic joints, perhaps it is necessary 
to emphasize the following: 

• Pathologie degeneration is defined in the Oxford Dictionary as 
a morbid change in the structure of parts, consisting in a dis- 
integration of tissue, or in a substitution of a lower for a higher 
form of structure’ (<Sydenham Society Lexicon of Medicine 
and the Allied Sciences). 


• Observed degenerative alterations in ail tissues (including 
bone and cartilage) occur: 

o Normally as a resuit of aging—a change in the degree of 
hydration, color changes, changes in tissue elasticity. 
o As a resuit of disuse (inactivity). 
o As a resuit of abuse (injury). 

• Regardless of the cause, joint trauma is characterized by cer¬ 
tain basic cellular and tissue responses. There is usually mac¬ 
roscopie and microscopie evidence of both injury and repair, 
and there are alterations both in the cells and most obviously 
in the extracellular matrix. (The changes in the extracellu¬ 
lar matrix may resuit from direct mechanical physical injury, 
or alteration in the cellular synthesis of the matrix, or from 
enzymatic breakdown of the matrix.) 

• In vascularized tissues, ail injury, whatever its cause, is followedby 
an acute and then a chronic inflammatory response. As a resuit, 
the necrotic injured tissue is removed and replaced by proliféra¬ 
tive vascular tissue (granulation tissue), which, in turn, results 
in repair of the injured tissue by fibrous scar. Independently of 
scarring, a second mode of repair involves régénération of tissue 
similar to that which was injured originally. 



FIGURE 10-8 Summary of morphology and biochemistry. A, In the covered area of the tibial plateau, the surface is smooth and covered by an amorphous 
electron-dense layer.The chondrocytes are flattened (H&E, x 4 obj.). With respect to lipid, there is an increased intracellular accumulation in ail three layers, 
an increased extracellular matrix lipid accumulation at the surface, and increased numbers of extracellular matrix vesicles in the deep zone. B, Collagen appears 
in the électron microscope as randomly oriented fibers with thicker mean diameters; there is regular binding of proteoglycan (PG) to the collagen fibers, and 
the concentration of PG per wet weight is increased. C, In the uncovered area, the surface is irregular, with a detached electron-dense layer.The cells are round 
(H&E, x 10 obj.). D ( Collagen appears in wavy aggregated bundles with thinner mean diameters (small range). PG can be more easily extracted from the matrix. 
In both the covered and the uncovered areas, there is the same amount of DNA per dry weight of cartilage tissue. 


(Continued) 
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FIGURE 10-8—CONT'D E ( Summary diagram of the différences in loaded and unloaded cartilage. Note that in the covered area the tidemark is irregular, 
whereas in the uncovered area the tidemark is smooth. 
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FIGURE 10-9 A,This dog had a distraction device placed across the left knee joint to produce unloading of the joint. B, Photomicrograph of articular cartilage harvested 
from the unloaded joint, demonstrating diminished proteoglycan staining. In C, a portion of normal control cartilage from the right knee is shown for comparison 
(Alcian blue stain, x 4 obj.). In B and C, the articular surface of the cartilage is seen at the right side of the photomicrograph and the deep portion at the left. 
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FIGURE 10-10 The continued optimal functional integrity of connective 
tissue dépends on balanced rates of matrix production and breakdown 
by the cells. Healthy cartilage (center) results from a physiologie range of 
stress that maintains optimal chondrocyte activity. If this range of stress is 
exceeded (/e/t), the resuit is cell injury and eventual necrosis (in cartilage, this 
is called chondrolysis). If the stress is inadéquate ( right ), disuse atrophy, that 
is, lack of adéquate matrix production by the cells, may occur. In cartilage, 
this is associated with increased water content of the matrix and superficial 
fibrillation of the collagen as well as other changes (see Figure 10-8). 



FIGURE 10-11 A section through a patella that has sustained a 
transarticular fracture. Such a change in the contour of an articular surface 
will lead rapidly to degenerative arthritic changes (H&E, x 1 obj.). 



FIGURE 10-12 Photograph of a slice through an arthritic fémoral head 
in which, despite the loss of bone from the superior surface, the contour 
has been restored to something approaching sphericity by a large médial 
osteophyte, which is seen to extend well down the médial fémoral neck. 
Note also the increase in transverse diameter of the head (almost 60% 
greater than the original diameter), a typical finding in osteoarthritis of the 
hip as well as other joints. 


• In nonvascularized tissue, such as cartilage, an inflammatory 
response and subséquent scarring cannot occur, however this 
does not preclude tissue régénération. (Note, however, that 
cartilage injury always eventually invokes an inflammatory 
response, because some vascularized tissues, such as bone 
and/or synovium, are inevitably involved in the process.) 

CARTILAGE INJURY AND REPAIR 

Macroscopie evidence of injury to cartilage is évident only in the 
extracellular matrix, mainly the collagenous component, and one 



FIGURE 10-13 A, Photograph of the articular surface of a patella obtained from a young individual at autopsy shows fibrillation of the superficial cartilage 
(photographed using ultraviolet light). B, Drawing to demonstrate the microscopie appearance of fibrillation. 
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of the earliest visible findings is a disruption of the surface, which, 
instead of being smooth, becomes rough or eroded. 

Three visible patterns of collagenous injury can be identified: 
surface fibrillation, cracking, and érosion (ulcération). 

The term fibrillation is used to describe replacement of the normally 
smooth, shiny surface by a surface similar to eut velvet (Fig. 10-13). This 
type of transformation can be observed both on very thick cartilage, 
such as the patella, and on very thin cartilage, such as that found in 
the interphalangeal joints. The pile of the fibrillated area may be short 
or shaggy. The junction between the fibrillated area and the adjacent 
normal-appearing cartilage is usually well defined and generally distinct. 

There appear to be two patterns of fibrillation. Well-defined 
areas of fibrillation affect particular locations in certain joints and 
are présent in everyone from an early âge. It is suggested that these 
areas are related to underloading of the cartilage. In osteoarthritic 
joints, there are areas of fibrillation that appear in different areas 
and that appear to be secondary to mechanical érosion of the carti¬ 
lage surface. The microscopie characterization of these two distinct 
types of fibrillation is incomplète, but perhaps the latter is distin- 
guished by deeper clefts and when examined microscopically a 
greater tendency to form cartilage clones. 

Cartilage érosion, or solution of the surface, is characteristic of 
progressive injury in the joint. The base of the érosion appears ini- 
tially to be either contoured or smooth. Tissue damage may eventu- 
ally be so extensive as to completely dénudé the bone surface of its 
cartilage cover (eburnation) (Fig. 10-14). 

The last form of structural lésion in this group, which is distinctly 
less common than either fibrillation or ulcération, is cracking of the 
cartilage. These cracks extend vertically deep into the cartilage and 
microscopically often hâve a deep horizontal component (Fig. 10-15). 

In considering the pathogenesis of these three histologie types 
of cartilage matrix damage, it is important to recognize that in the 
early stages of arthritis, the damage may affect the opposed articular 
surfaces in different areas and to different degrees (Fig. 10-16). This 



FIGURE 10-14 Photograph of a right tibial plateau demonstrates deep 
cartilage érosion anteromedially with exposed polished (eburnated) 
subchondral bone. Note the absence of obvious cartilage damage elsewhere 
as well as the absence of osteophytes. 

is in marked contrast to eburnation, in which both of the opposed 
surfaces are affected. Therefore, it appears that in many cases fibril¬ 
lation and other cartilage alteration cannot be solely ascribed as they 
usually are to wear and tear as the opposed articular surfaces move 
over each other. 

An increase in the ratio of water to PG in the cartilage matrix 
leads to softening of the cartilage (chondromalacia (Figs. 10-17 and 
10-18). Chondromalacia and fibrillation usually occur together, but 
chondromalacia may be présent before there is any obvious gross 
evidence of fibrillation. 

Cellular injury is recognizable only under a microscope. Necrosis 
can be identified when only the ghost outlines of the chondrocytes 
remain. This ghosting, usually scattered but focal in distribution, is a 



FIGURE 10-15 A, Photograph of the fémoral articulation of the knee shows a Y-shaped cracking of the cartilage in the patellofemoral joint (photographed 
using ultraviolet light). B, Photomicrograph of a section taken through a crack in the articular surface, showing the defect extending deep into the cartilage with 
focal degenerative changes in the surrounding tissue (H&E, x 4 obj.). 


(Continued) 
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FIGURE 10-16 A, Photograph of the superior surface of the right fémoral head removed from an 86-year-old man. Note the generally smooth, intact articular 
surface. However, there is a superficial ulcer adjacent to the fovea and some roughening around the periphery of the fémoral head. This photograph should be 
compared with B. B, The acetabulum of the hip joint shown in A demonstrates superficial érosion and fibrillation of the articular cartilage in the superolateral 
portion. Degenerative changes in this portion of the acetabulum, the région of the fusion of the ileum and the ischium, are présent in ail adults, probably as 
a resuit of disuse atrophy; it is this area that is often mistakenly regarded as the weight-bearing area of the hip joint. As is discussed in Chapter 1 and at the 
beginning of this chapter, joints are incongruent, and the incongruence in the hip is at the dôme of the acetabulum. C, In the normal hip, the fémoral head 
articulâtes with the acetabulum with initial contact anteriorly and posteriorly.The roof of the acetabulum probably cornes into contact with the fémoral head 
only under certain load conditions (arrow). 
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FIGURE 10-17 A, Normal cartilage is firm but résilient and can be compressed with some degree of pressure (exerted here by a hemostat) B. However, as the 
cartilage softens or becomes chondromalacic, it also becomes palpably softer. 



FIGURE 10-18 Intense staining of proteoglycan (PG) (right) is seen in this 
photomicrograph of normal cartilage. However, in soft chondromalacic 
cartilage (/e/t), PG loss in the upper half of the cartilage matrix is seen by the 
decreased intensity of staining (safranin O, x 10 obj.). 
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common finding in arthritis (Fig. 10-19). Less often, ail of the chon¬ 
drocytes are seen to be necrotic (Fig. 10-20). 

Just as the effect of injury to the articular cartilage is reflected by 
both the matrix and the cells, so, too, is the effect of subséquent car¬ 
tilage régénération. Within the pre-existing cartilage matrix, there 
is focal cell prolifération with clumps, or clones, of chondrocytes 
(Fig. 10-21) and, when the tissue is stained with toluidine blue, there 
is often intense metachromasia of the matrix around these clumps 
of proliferating chondrocytes, evidence of increased PG synthesis. 
This process can be thought of as intrinsic repair. 

In a damaged joint, extrinsic repair by new cartilage may be initi- 
ated from either or both of two possible sites: either from the joint 
margin or from the subchondral bone. Extrinsic repair of cartilage, 
which develops from the joint margin, can be seen as a hypercellu- 
lar layer of cartilage extending over, and sometimes dissecting into, 
the existing cartilage (Fig. 10-22). This extrinsic repair cartilage is 
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FIGURE 10-19 Photomicrograph demonstrates areas of the cartilage 
matrix with no visible chondrocytes, a conséquence of focal cell necrosis 
(H&E, x 10 obj.). 


usually much more cellular than the pre-existing articular cartilage, 
and the chondrocytes are evenly distributed throughout the matrix 
(Figs. 10-23 and 10-24). On microscopie examination of hematoxylin 
and eosin (H&E) sections, this type of repair cartilage can easily be 
overlooked. However, examination under polarized light will clearly 
demonstrate the discontinuity between the collagen network of the 
repair cartilage and that of the pre-existing cartilage (Fig. 10-25). 
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FIGURE 10-20 Photomicrograph to demonstrate total cartilage necrosis. 
Note also the horizontal cleft resulting from failure of the cartilage matrix 
to resist shear forces within its substance (H&E, x 10 obj.). 



FIGURE 10-21 Photomicrograph of a portion of largely nonviable cartilage 
demonstrates a large nest of proliferating chondrocytes in the deep zone 
(H&E, x 10 obj.). 


In arthritic joints in which loss of the articular cartilage has 
denuded the underlying bone, and especially in cases of OA, there 
are frequently small pits in the bone surface, from which protrude 
small nodules of firm, white tissue. On microscopie examination, 
these nodules hâve the appearance of fibrocartilage and arise in 
the marrow spaces of the subchondral bone (Fig. 10-26). They may 
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FIGURE 10-22 Gross specimen (A) demonstrates intrinsic cartilage repair, as evidenced by a white, wedge-shaped opaque area between the normal surface 
and the normal deeper cartilage. Photomicrograph of this area (B) shows proliferating cells, cell dumping, and disarrayed collagen. Under polarized light (C), one 
can more easily see the disarrayed collagen in the central area of the cartilage (x 4 obj.). 
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FIGURE 10-23 After cartilage damage, there may be régénération of both normal cells and matrix. A, The photomicrograph shows residual normal cartilage 
covered by a thick layer of reparative cartilage. B, When viewed under polarized light, as in this figure, one can appreciate the alteration in the collagen structure 
of the matrix. The concept of articular cartilage repair is an important considération in the management of patients with arthritis (H&E, x 10 obj.). 
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FIGURE 10-24 A, A section through the articular surface of an arthritic 
joint demonstrates extrinsic reparative fibrocartilage, which extends to the 
tidemark of the original articular hyaline cartilage (H&E, x 4 obj.). B, The 
same field photographed with polarized light shows the coarse collagen fibers 
in the reparative cartilage and the discontinuity of the collagen between the 
calcified zone and the reparative cartilage above. 
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FIGURE 10-25 A, Photomicrograph of a section through the articular 
surface of an arthritic joint demonstrates extensive fibrocartilaginous 
repair overlying residual hyaline cartilage (H&E, x 4 obj.). B, The same field 
photographed with polarized light. 













244 SECTION IV ARTHRITIS 



FIGURE 10-26 A, Photograph of the fémoral head removed from a patient with advanced osteoarthritis. Most of the superolateral surface of the fémoral head 
is covered with an irregular layer of tissue, which seems to be growing in the form of small tufts from the underlying bone. B, Photomicrograph of one of the 
tufts shown in A. The tuft is formed of fibrocartilaginous tissue extending from the marrow onto the joint surface. On either side of the fibrocartilaginous tuft is 
eburnated bone (H&E, x 10 obj.). 




FIGURE 10-27 A, Photograph of a knee joint previously treated by osteotomy for médial osteoarthritis (OA), showing a layer of reparative cartilage covering 
most of the médial fémoral condyle and the opposed tibial plateau. In some cases of OA treated by osteotomy, and even in untreated cases, the damaged joint 
surfaces may be entirely recovered by a layer of fibrocartilaginous tissue, as seen in this example. B, Photomicrograph of the fibrocartilage seen in A reveals 
extension of fibrocartilaginous tissue over the previously eburnated bone (H&E, x 4 obj.). 


extend over the previously denuded surface to form a more or less 
continuous layer of repair tissue (Fig. 10-27). Most cases of OA 
reveal both intrinsic and extrinsic repair of cartilage (Fig. 10-28). 

The chondrocytes themselves are intimately involved in both the 
breakdown and synthesis of cartilage matrix, and a wide range of 
growth factors and cytokines are involved in these processes both as 
part of the régulation of normal matrix and in the processes involved 
in the repair of osteoarthritic cartilage. The enzymes that break down 
collagen and PG, the metalloproteinases, are themselves regulated by 
proinflammatory cytokines such as tumor necrosis factor and inter- 
leukin-1. Three main groups of metalloproteinases, the stromelysins, 
gelatinases, and collagénases, hâve been identified. The stromelysins 


dégradé the PGs and basement membranes, and the collagénases the 
fibrillar proteins. It is probably important to realize that while the PGs 
are broken down and replaced rapidly, replacement of the fibrillar col¬ 
lagen is very slow. (Therefore, it might be useful therapeutically to 
block collagénase activity in the early stages of the arthritic process.) 

Injury and Repair of Subchondral Bone 

Arthritis is a disease that affects not only the articular cartilage but 
also the underlying bone and the structures around the joint. 

As the articular cartilage is eroded from the articular surface, the 
underlying bone is subjected to increasingly localized overloading. In 
subarticular bone that has been thus denuded, there is prolifération 
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FIGURE 10-28 Microscopie examination of the 
articular cartilage covering of an osteoarthritic joint, 
which frequently shows a heterogenous mix of 
extrinsic reparative cartilage, intensive repair, and 
residual cartilage as shown in this photomicrograph 
(H&E, x lOobj.). 




of osteoblasts and formation of new bone (Fig. 10-29), which occurs 
both on the surfaces of existing intact trabeculae and around microf¬ 
ractures. In radiographs of arthritic joints, this new bone may appear 
as increased density or sclerosis. 

A further resuit of increased local stress is that the surface bone is 
likely to undergo focal pressure necrosis (Fig. 10-30). (This superficial 
necrosis is different both in its etiology and pathogenesis from that 
associated with primary subchondral avascular necrosis, which itself 
leads to secondary OA. However, in clinical practice, différentiation 



FIGURE 10-29 Photomicrograph shows increased osteoblastic activity and 
trabecular thickening underlying an area of cartilage érosion. (Section taken 
from the edge of a denuded and eburnated area) (H&E, x 10 obj.). 


between the two may be difficult, especially in the late stages of pri¬ 
mary subchondral avascular necrosis [see Chapter 15].) 

Subarticular radiolucencies (cysts) are usually seen only where the 
overlying cartilage is absent (Fig. 10-31). Such cysts are common in cases 
of OA and are believed to resuit from transmission of interarticular pres¬ 
sure through defects in the articulating bony surface into the marrow 
spaces of the subchondral bone (Fig. 10-32). The cysts increase in size 
until the pressure within them is equal to the intra-articular pressure. 
Cysts may also occur because of focal tissue necrosis. [In cases of arthri- 
tis due to rheumatoid disease, tuberculosis, goût, or synovial tumors, 
periarticular radiologie lucencies (cysts), may be associated with érosion 
of the marginal subchondral bone by the diseased synovium.] 

Osteochondral Loose Bodies 

Separated fragments of bone and cartilage from a damaged joint 
surface may become incorporated into the synovial membrane and 



FIGURE 10-30 A portion of the eburnated surface of an osteoarthritic joint 
demonstrates focal superficial bone and bone marrow necrosis, which is 
seen macroscopically as an opaque yellow area. 








246 SECTION IV ARTHRITIS 



FIGURE 10-31 A, An area of cystic degeneration in the subchondral bone of the superior surface of a fémoral head. Such cysts are usually seen only in the 
absence of the overlying articular cartilage. Note also the large, fiat osteophyte on the médial surface. B, A radiograph of the specimen. C, Photomicrograph of 
the subchondral bone cyst shown in A and B. In this case, the cyst was filled with a mucoid fluid and lined by a dense fibrous membrane. However, frequently 
the lytic area is entirely filled by loose fibrous tissue (H&E, x 2.5 obj.). 


Intra-articular 

pressure 



digested, or may remain free as loose bodies in the joint cavity (Fig. 
10-33). Under certain circumstances, prolifération of cartilage cells 
occurs on the surface of these loose bodies and consequently they 
grow larger (Fig. 10-34). As they grow, their centers become necrotic 
and calcified. In histologie sections, it is possible to visualize periodic 
extension of this central calcification in the form of concentric rings 
that increase in number as the loose body grows larger (Fig. 10-35). 



FIGURE 10-32 With the intrusion of synovial fluid into the subchondral 
bone, the bone becomes resorbed and a cyst is formed, which will increase in 
size until the intraosseous pressure is equal to the intra-articular pressure. 


FIGURE 10-33 Traumatic arthritis of the elbow. A loose body (left) has 
formed from the portion of the articular surface that is missing from the 
radial head (right). 
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FIGURE 10-34 Photomicrograph shows the prolifération of immature cellular cartilage on the surface of a cartilaginous loose body; the original cartilage is 
seen in the lower part of the picture.Through this process of cartilage cell prolifération, loose bodies may grow to an enormous size (H&E, x 4 obj.). 



FIGURE 10-35 A, Low-power photomicrograph of a cartilaginous loose body (H&E, x 1.25 obj.). B, Photomicrograph of a section through a loose 
body. One can discern the concentric rings of growth. The tissue towards the center of the loose body is calcified (H&E, x 4 obj.). C ( Higher power view 
(H&E, x 25 obj.). 
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Sometimes the bodies reattach to the synovial membrane, in which 
case they are invaded by blood vessels. Endochondral ossification then 
occurs and the loose bodies become bony (Fig. 10-36). Occasionally, 
in cases of OA, the loose bodies are so numerous that they must be 
distinguished from those that occur in primary synovial chondroma- 
tosis (Fig. 10-37) (see Chapter 21). 

There is some degree of loose body formation in many types 
of arthritis, including inflammatory RA, in which fibrinous loose 
bodies (rice bodies) may be numerous. 


Ligaments 

Microscopie evidence both of lacérations and of repair by scar tis- 
sue is common in the ligamentous and capsular tissue around an 
arthritic joint. Whether these preceded the arthritic process or 
whether they are a conséquence of it often cannot be determined 
by microscopie examination; however, there is abundant evidence 
from clinical studies that severe ligamentous injury is a significant 
cause of OA, especially in athlètes and those engaged in heavy 
physical labor. 



FIGURE 10-36 The photograph shows several loose bodies that hâve become attached to the synovium (A). In the specimen radiograph (B), many of the 
loose bodies can be seen to hâve an ossified center. C, A low-power photomicrograph demonstrates numerous osteocartilaginous loose bodies attached to 
the synovium (H&E, x 1.25 obj.). D, One of the loose bodies has been bisected and shows a viable osseous center, which has resulted from vascular invasion 
and endochondral ossification of the cartilaginous loose body. E, Photomicrograph of a portion of the loose body shown in D demonstrates formation of the 
osseous core by the process of endochondral ossification (phloxine & tartrazine, x 10 obj.). 
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FIGURE 10-37 Photograph of multiple osteocartilaginous loose bodies 
removed from an osteoarthritic hip joint This large a number of loose bodies 
is uncommon and may be mistaken for synovial chondromatosis. 

Injury of the Synovial Membrane 

Even when cases of arthritis that hâve a primary synovial etiology 
hâve been excluded, microscopie examination of the synovium still 
demonstrates some degree of synovitis. 

Injury and breakdown of cartilage and bone resuit in increased 
amounts of breakdown product and particulate débris within the 
joint cavity. This is removed from the synovial fluid by phagocytic 
cells (the A cells) of the synovial membrane. In conséquence, the 
membrane becomes both hypertrophie and hyperplastic (Figs. 10-38 
to 10-40). In addition, the breakdown products of cartilage and bone 
matrix evoke an inflammatory response. 

For this reason, some degree of chronic inflammation can be 
expected in the synovial membrane of arthritic joints, even when 
the injury has been purely mechanical. Inflammation is more prom¬ 
inent where there has been rapid breakdown of the articular com- 
ponents, as evidenced by the presence in the synovium of bone and 
cartilage détritus (Fig. 10-41). 

Histologie studies hâve shown that there may be a similarity 
between the degree of inflammatory response as seen in some cases 
of severe OA and that of RA. However, in OA, the synovial inflamma¬ 
tion is likely to be the resuit of cartilage breakdown, whereas in RA, 
the synovial inflammation is the cause of the cartilage breakdown. 


FIGURE 10-38 Photomicrograph of proliférative synovium from a patient 
with osteoarthritis (H&E, x 4 obj.). 



FIGURE 10-39 Photomicrograph to demonstrate a common pattern of 
synovial cell hypertrophy (H&E, x 10 obj.). 



FIGURE 10-40 A, An uncommon pattern of synovial cell hypertrophy and hyperplasia with columnar and vacuolated cells resembling intestinal epithelium 
(H&E, x 4 obj.). B, Higher power view of A (H&E, x 25 obj.). 
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FIGURE 10-41 A, In association with rapid destruction of a joint, the synovium often shows a marked hyperplasia and chronic inflammation with pièces 
of detached bone and cartilage embedded within it, as seen here (H&E, x 4 obj.). B, In a higher power view, fragments of bone and cartilage, as well as foci 
of histiocytes and phagocytic giant cells, are présent (H&E, x 10 obj.). 


Extension of the hyperplastic synovium onto the articular surface 
of the joint (i.e., a pannus) is a common finding even in OA, particu- 
larly in the hip. However, the extent and the aggressiveness of this 
pannus with respect to underlying cartilage destruction is much less 
marked in OA than in RA (Fig. 10-42). 

Under normal conditions, the synovial membrane is responsible for 
the nutrition of articular cartilage. In this regard, it is to be expected 
that the chronically inflamed and scarred synovial membrane of an 


arthritic joint fonctions less effectively than that of a normal joint. 
Disturbance in synovial nutrient fonction, as well as increased enzy- 
matic activity, may very well contribute to the chronicity of the arthritic 
process. The hypertrophied and hyperplastic synovium is also likely 
to be traumatized as it extends into the joint cavity. Evidence of bleed- 
ing into the joint, with subséquent hemosiderin staining of the syn¬ 
ovial membrane, is a common histologie finding and may occasionally 
be marked. When this is the case, and despite their similar color, the 



FIGURE 10-42 A, Fibrous pannus extending over the surface of the damaged articular cartilage in a patient with osteoarthritis (H&E, x 1 obj.). B, Higher power 
view of A (H&E, x 10 obj.). 
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FIGURE 10-43 Hemophilia {left), pigmented villonodular synovitis ( center ), 
and rheumatoid arthritis (RA) {right). In this photograph, the synovial 
membranes from three individuals with different conditions are compared. In 
patients with hemophilia, the hemosiderin staining of the synovium results 
from excessive bleeding into the joint, but in individuals affected by the other 
two conditions, the hemosiderin staining is probably secondary to trauma to 
the hypertrophie synovium. The plump papillary appearance of the synovium 
in pigmented villonodular synovitis (PVNS) and RA, as opposed to the villous 
appearance of the synovium in hemophilia, reflects the considérable cellular 
infiltration of the subsynovium in patients with PVNS or RA. 



FIGURE 10-44 The examination of synovial fluid can provide valuable 
information concerning the etiology of a patient's condition. Samples of 
synovial fluid from four patients (from leftto right): chondrocalcinosis, cloudy 
white fluid; normal, clear white/amber fluid; RA, cloudy yellow fluid; chronic 
traumatic arthritis, clear and xanthochromie fluid. 


orange-brown staining of the fine villous synovium seen at operation 
should not be confused with the swollen papillary synovium of pig¬ 
mented villonodular synovitis (Fig. 10-43). 

Synovial Fluid in an Injured Joint 

Normal synovial fluid, a dialysate of plasma to which hyaluronic acid 
produced by the B cells of the synovial lining is added, is viscous, 
pale yellow, and clear. Even in large joints the volume is small. 

Examination of synovial fluid is extremely helpful in the diagno- 
sis of arthritis for determining both the cause and the stage of the 


disease. Whatever the cause of arthritis, the synovial fluid is altered 
(Fig. 10-44, and Tables 10-1 and 10-2). (For a discussion of the exam¬ 
ination of synovial fluid for crystals, see Chapter 12.) 

In cases of inflammatory arthritis, there is an increased volume 
of synovial fluid, wheras the amount of hyaluronic acid is markedly 
diminished. This leads to a typical decrease in viscosity. However, 
in post-traumatic forms of osteoarthritis, the amount of hyaluronic 
acid is increased, resulting in an extremely viscous fluid. Often there 
is also an increase in volume, although not to the same degree as 
that which is seen in the inflammatory arthritides. 


TABLE 10-1 Normal Synovial Fluid 


Physical Data 

Average 

Range 

Amount in knee (milliliters) 

1.1 

0.13-3.5 

Spécifie gravity (20° C) 


1.0081-1.015 

Viscosity (37° C) relative to water 

235 

5.7-1160 

Cell count per mm 3 

63 

13-180 

Differential % 



Lymphocytes 

24.6 

0-78 

Polymorphonuclear leukocytes 

6.5 

0-25 

Monocytes 

47.9 

0-71 

Macrophages 

10.1 

0-26 

Synovial lining cells 

4.3 

0-12 

PH 

7.434 

7.31-7.74 


(Continued) 
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TABLE 10-1 Normal Synovial Fluid—cont'd 


Physical Data 

Average 

Range 

Inorganic Substances 



Electrolytes (Na, K, Cl, CO z ) 

Approximately the same as plasma 


Calcium, phosphate, sulfate 

Approximately the same as plasma 


Organic Substances 



Hyaluronic acid (mg/mL) 

4.0 


Nonprotein nitrogen 


Approximately the same as plasma 

Glucose 


Approximately the same as plasma 

Total lipid (mg/mL) 

0.2 


Mucin nitrogen (mg/mL) 

1.04 

0.68-1.35 

Mucin glucosamine (mg/mL) 

0.74 

0.12-1.32 

Uric acid 


Approximately the same as plasma 

From Paget S, Bullough PC: Synovium and synovial fluid. In Owen R, Goodfellow J, Bullough P (eds): Scientific Foundation of Orthopaedics and Traumatology. Philadelphia, Saunders, 1980. 


TABLE 10-2 Examination of Synovial Fluid 


Synovial Fluid with Disease 



Normal 
Synovial Fluid 

Noninflammatory 

Chronic inflammatory 

Septic 

Clinical example 


Osteoarthritis 

Rheumatoid arthritis 

Bacterial infection 

Cartilage débris 

0 

+ 

0 

0 

Volume (mL) knee 

<3.5 

>3.5 

>3.5 

>3.5 

Color 

Clear 

Clear yellow 

Opalescent yellow 

Turbid yellow to green 

Viscosity 

High 

High 

Low 

Low 

WBCs per mm 3 

200 

200-2000 

2000-100,000 

>100,000 

Polymorphonuclear leukocytes (%) 

<25 

<25 

50% or more 

90% or more 

Culture 

Négative 

Négative 

Négative 

Positive 

Mucin clôt 

Firm 

Firm 

Friable 

Friable 

Fibrin clôt 

None 

Small 

Large 

Large 

Glucose (% blood glucose) 

50-100 

50-100 

20-75 

1-5 

Total protein 


Equal to normal joint 

Elevated 

Elevated 


WBCs, white blood cells. 

From Paget S, Bullough PC: Synovium and synovial fluid. In Owen R, Goodfellow J, Bullough P (eds) : Scientific Foundation of Orthopaedics and Traumatology. Philadelphia, Saunders, 1980. 
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By the use of the term noninflammatory in the title of this chapter, 
we intend to convey the idea that this type of arthritis, rather than 
being the resuit either of infection by any organism or the resuit of 
an inflammatory response to an as yet unknown antigen, such as 
is the case in rheumatoid arthritis (RA), has as its cause a previous 
mechanical injury or structural alteration. 

We hâve seen in the previous chapter that commonly arthritis may 
resuit either from a sudden or graduai change in the geometry of a 
joint surface; sudden, as with a fracture, or graduai, as in Paget s dis- 
ease (one joint) or acromegaly (many joints). Traumatic injury, result- 
ing in a torn ligament in the knee, a torn capsule in the shoulder, or a 
labral tear and detachment in the hip, may also lead to severe arthri¬ 
tis in the affected joint. Many, if not most, cases of so-called primary 
idiopathic osteoarthritis (OA) may be explained on these bases. 

Ail injury from whatever cause, as long as it is not fatal, results in 
a secondary inflammatory response and that response is necessary to 
the restoration of the status quo, but inflammation is not the cause of 
OA even though it does affect the course of the disease process. 

The noninflammatory arthritides are certainly the most com¬ 
monly encountered form of arthritis in the Western world, and OA 
in its many and varied présentations is the most commonly encoun¬ 
tered condition in orthopaedic practice and often associated with 
advancing âge and obesity. 

It is estimated that the disease clinically affects approximately 
20 million patients in North America and a similar number in 
Europe. It clinically présents in three major forms: 

• Nodal OA results in Heberden and Bouchard nodes in the 
small joints of the hands. In contrast to RA, it does not cause 
significant loss of hand function. 

• Axial OA involves mainly the neck and the low back, and the 
condition is discussed in more detail in Chapter 13. 

• OA in weight-bearing joints—the principal topic of this chapter. 


Osteoarthritis (Degenerative Joint Disease) 


CLINICAL CONSIDERATIONS 

Because in most cases the etiology of OA cannot be determined, there is 
no generally accepted définition of the disease; however, for the purpose 

FIGURE 11-1 A, This obese patient has a marked genu 
varus deformity of both knees associated with severe 
bilateral osteoarthritis, predominantly in the médial 
compartment. B, A standing radiograph shows the loss of 
the médial joint space. (Note a radiograph taken with the 
patient lying down as opposed to standing may fail to show 
this loss of joint space.) 


of this discussion the following is offered: ‘Osteoarthritis is a functional 
disorder of joints characterized by altered joint anatomy, especially by 
the loss of articular cartilage and the formation of osteophytes. Unlike 
many other forms of arthritis, it is essentially noninflammatory 

Four patterns of disease are generally recognized: 

1. OA presenting as disease limited to a single large joint, usually the 
knee or the hip, sometimes with bilateral involvement (Fig. 11-1). 

2. A generalized process involving the distal and proximal inter- 
phalangeal joints of the hand, the first carpometacarpal joint, 
and metatarsophalangeal joints (Fig. 11-2). 

3. Extrême cases of OA known as Charcots joints generally seen 
in association with a neurologie déficit. In these patients, a 
characteristic rapidly destructive OA is observed, complicated 
by the production of multiple loose bodies, severe sublux¬ 
ation, and even dislocation of the joint (Figs. 11-3 to 11-5). 
The underlying neurologie disorder associated with Charcot s 
joint may be a peripheral neuropathy associated with perni- 
cious anémia or diabètes mellitus, or spinal cord degeneration 
as in tabes dorsalis or syringomyelia. 

4. A rare pattern, described clinically, is an erosive OA that radio- 
graphically has the features of an inflammatory process. This 
form of disease usually affects the distal or proximal inter- 
phalangeal joints of the hand (Fig. 11-6) but may occasionally 
involve large joints (Fig. 11-7). 

A patient with OA typically présents with reports of pain and 
usually of stiffness. On examination, movement of the affected joint 
may be limited and the patient often lacks the capability for full flex¬ 
ion or extension. 

The most characteristic radiologie finding is loss of the joint 
space. In the majority of cases, bony osteophytes are seen around 
the periphery of the joint, the bone on both sides of the joint exhibits 
increased density, and cystic lésions can frequently be noted in the 
subchondral bone especially in the hip. 

PATHOLOGIC FINDINGS 

The most obvious morphologie features of an osteoarthritic joint 
removed either at surgery or autopsy are damaged cartilage, subarticu- 
lar cysts, alterations in the shape of the articular surfaces and periph¬ 
eral bone, and cartilaginous outgrowth (osteophytes). In the presumed 
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FIGURE 11-2 Radiograph of a patient with primary generalized osteoarthritis 
shows the characteristic wavy deformity of the third and fourth digits. Irregular 
érosions at the articular surfaces tend to affect the ulnar aspect of the joint. 



FIGURE 11-3 Radiograph of the knee in a patient with diabètes and a history 
of pernicious anémia. The patient presented with grossly deformed and unstable 
knees, however, the condition was painless. Note extensive destruction of the 
médial compartment of the knee and the multiple loose bodies (Charcot's joint). 

load-bearing areas of the joint, the cartilage may be entirely absent, 
and the exposed subchondral bone may hâve a dense polished appear- 
ance like that of marble (eburnation); when this portion of the joint is 
sectioned, the exposed bone is usually found to be markedly thickened 
(sclerotic) (Fig. 11-8). As already noted in Chapter 10, the superficial 
bone in the eburnated areas may be necrotic (see Fig. 10-30). 

Adjacent to the surface denuded of cartilage and particularly in 
the hip joint, cystic defects filled with loose fibromyxoid tissue (or 
sometimes with a thick mucoid fluid) may be found (Fig. 11-9). 

In areas of the joint that do not bear weight, and around its mar- 
gins, bony and cartilaginous overgrowths (osteophytes or exostoses) 
develop. The location of the osteophytes in different joints is usually 
characteristic. In the distal interphalangeal joints, the osteophytes 
(Heberdens nodes) are prominent on the dorsal and palmar aspects 
of both articulating surfaces. In the metatarsophalangeal joint of the 



FIGURE 11-4 Coronal section through a grossly deranged knee joint 
(Charcot's joint). Subluxation and severe destruction of the joint surfaces 
are évident. The synovium is markedly hypertrophie and hyperplastic. 




FIGURE 11-5 A, Photomicrograph of a portion of the synovium in a Charcot's 
joint.The scarred and chronically inflamed synovium is filled with multiple irregular 
fragments of cartilage. B, Within the deep synovium, there are many irregular 
fragments of bone.The finding of bone and cartilage détritus in the synovial 
membrane dénotés a rapid breakdown of the joint. In patients with osteoarthritis, 
it is rare to find any significant degree of détritus (both images, H&E x 10 obj.). 








FIGURE 11-6 Radiograph of the hand of a 45-year-old woman with erosive 
osteoarthritis, showing the typical involvement of the proximal and distal 
interphalangeal joints. 



FIGURE 11-7 Radiograph of the hip of a 55-year-old woman with recent 
complaints of pain and stiffness, showing concentric narrowing of the 
joint space and erosive changes in both the fémoral head and acetabulum. 
Testing for rheumatoid factor was négative in this case, which was clinically 
diagnosed as erosive osteoarthritis. 



FIGURE 11-8 A, Photograph of the fémoral head removed from a patient with osteoarthritis. Note the absence of the articular cartilage on the superior 
and latéral aspect of the fémoral head and the polished appearance of the exposed bone (eburnation). The remaining surrounding cartilage has a somewhat 
yellow color and a roughened surface. B, In section, the bone beneath the eburnated surface is much denser. C, Microscopically, the dense bone has an almost 
cortical appearance. Note the smoothness of the eburnated surface (H&E, partially polarized x 4 obj.). 
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FIGURE 11-9 Photomicrograph of a portion of the articular surface in an 
osteoarthritic joint, showing focal absence of the articular cartilage. An 
underlying cyst connects via a short neck with the joint space (phloxine and 
tartrazine, x 2.5 obj.). 

big toe, the osteophyte is on the médial joint margin (hallux valgus) 
(Fig. 11-10). In the hip joint, although osteophytes are usually prés¬ 
ent around the entire joint margin, there is characteristically a large 
fiat osteophyte on the médial articular surface extending to the fovea, 
and this is associated with latéral subluxation of the fémoral head in 



FIGURE 11-10 A, Hallux valgus deformity. Radiograph of the foot shows 
marked angulation of the first phalanx. Note the bone hypertrophy of the 
médial side of the head of the first metatarsal bone. B, Hallux rigidus. Latéral 
radiograph show the typical superior osteophyte on the head of the metatarsal. 


the acetabulum, which can be seen on the radiographs (Fig. 11-11). 
Despite the loss of bone and cartilage in some parts of the joint, which 
is assumed to be the resuit of overloading and mechanical abrasion, 
the net effect of the reparative new bone and osteophyte formation 
is an overall increase in joint size so that in general, an osteoarthritic 
joint is larger than its normal counterpart (see Fig. 10-12). 

Osteophytes 

Osteophytes form through the process of endochondral ossifica¬ 
tion in one of two ways. The first involves vascular pénétration into 
existing cartilage. In these areas, the cartilage overlying the bone 
overgrowth is usually hypercellular, and the process histologically 
resembles the epiphyseal growth plate in a growing individual (Fig. 
11-12). At the base of the osteophyte, there are often remnants of 
the original tidemark and zone of calcified cartilage. In some cases, 
these remnants are themselves undergoing ossification, not only 
from the région of the original subchondral bone but also from the 
osteophyte itself (Fig. 11-13). Osteophytes may also form from foci 
of cartilaginous metaplasia at the joint margins. (These foci of car- 
tilaginous metaplasia often occur at the capsular and ligamentous 
insertions and may be the resuit of traction injuries [Fig. 11-14].) 

In areas of residual cartilage on the articular surface of a diseased 
joint, there is often marked duplication and irregularity of the tidemark 
(Fig. 11-15). Evidence of increased endochondral ossification, which 
expands the periphery of subchondral bone without actually forming an 
osteophyte, is recognized by irregularity of the bone cartilage junction, 
increased vascular pénétration of the calcified cartilage, and the finding 
of woven (immature) bone at the bone-cartilage interface, indicating a 
rapid rate of bone formation at this site (Figs. 11-16 and 11-17). 



FIGURE 11-11 A, A large, fiat, médial osteophyte associated with latéral 
subluxation of the fémoral head in a patient with osteoarthritis of the hip. 
The osteophyte extends from the joint margin to the région of the fovea. 

The residual cartilage of the médial surface of the fémoral head can still be 
seen. B, Radiograph of the tissue slice shown in A again illustrâtes the large 
médial osteophyte. Note that the loss of bone on the superior and latéral 
surfaces seems to equate with the gain of bone on the médial surface, so the 
sphericity of the fémoral head is maintained. 
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FIGURE 11-12 Photomicrograph of a section through a marginal osteophyte shows a wedge of bone formation dissecting into the cartilage. The cartilage on 
the superior articular side of the osteophyte is cellular, and there is more active endochondral ossification on this surface than on the lower surface that faces the 
subarticular bone (H&E, x 4 obj.). 


FIGURE 11-13 A, Photomicrograph showing the edge of an 
osteophyte with calcification of the reparative tissue above 
the residual articular cartilage. Note the vascularization of 
the mineralized matrix (H&E, x 4 obj.). B, Higher power 
photomicrograph of a portion of articular cartilage trapped 
under an osteophyte (H&E, x 25 obj.). 



FIGURE 11-14 Specimen radiograph to demonstrate 
the various osteophytes that form around an 
osteoarthritic fémoral head. Note especially the 
osteophyte on the médial neck of the fémur, which 
results from traction on the médial periosteum 
following latéral subluxation of the fémoral head. 
Note also the perifoveal osteophytes and the large 
subarticular cysts. 




Cyst 

Fovea 


Médial marginal osteophyte 
Médial cortex 
Buttressing osteophyte 
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FIGURE 11-15 Photomicrograph of a portion of the articular cartilage 
in a patient with osteoarthritis, showing irregularity and duplication of 
the tidemark.The articular cartilage is relatively intact; however, there are 
degenerative changes in the superficial chondrocytes (H&E, x 4 obj.). 



FIGURE 11-17 Photomicrograph taken with polarized light shows woven 
bone formation in the subchondral région. This is an indication of accelerated 
modeling in this région in osteoarthritis (x 25 obj.). 





Articular cartilage 
Invading vascular tissue 


New bone formation 


FIGURE 11-16 A, A radiograph demonstrates the formation of the médial osteophyte, a characteristic finding in osteoarthritis of the hip. Note especially 
the hair-on-end appearance of the new bone lying on top of the subchondral plate of bone. B, Photograph of the macerated specimen shown in A, which 
demonstrates the new bone of the osteophyte in three dimensions. C, These tongues of new bone are formed as the resuit of vascular canals breaking through 
the calcified articular cartilage and the tidemark (H&E, x 10 obj.). 
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Cartilage 

Microscopie examination of the cartilage that remains on the joint 
surface may reveal many clefts in its substance, most, but by no means 
ail, of which are vertically oriented (Fig. 11-18). The chondrocytes 
far from the areas of eburnation may show considérable cell réplica¬ 
tion, with formation of prominent cell nests (Fig. 11-19). However, 


cell réplication does not usually occur adjacent to the eburnated areas 
(Fig. 11-20). Proteoglycan (PG) staining of the matrix is usually dimin- 
ished, although, as discussed in the previous chapter, there is evidence 
from radioactive S0 4 uptake studies that the amount of PG produced 
by the chondrocytes in OA may be increased, suggesting increased 
turnover with loss of glycoprotein residues into the synovial fluid. 



FIGURE 11-18 A, Section through the articular cartilage of the patella demonstrates a failure in the matrix with horizontal cleft formation in a patient with 
chondromalacia patellae. In patients with this condition, a soft blister on the articular surface generally indicates a structural shear failure within the substance 
of the cartilage (H&E, x 1.25 obj.). B, A high-power view of the cleft shows marked cellular prolifération in the inferior cartilage as opposed to the cartilage 
on the side of the cleft closest to the surface (H&E, x 10 obj.). 



FIGURE 11-19 Photomicrograph of fibrillated cartilage away from the 
eburnated area shows a considérable prolifération of chondrocytes within 
the cartilage matrix. Many of the chondrocytes are seen to form cell nests or 
clones (H&E, x 10 obj.). 


FIGURE 11-20 Low-power photomicrograph of the articular surface adjacent to 
an eburnated area. The articular cartilage contains vertical clefts resulting from 
fraying and splitting of the collagen fibers at the surface of the cartilage but, in 
contrast to Figure 11-19, no obvious chondrocyte réplication (H&E, x 10 obj.). 
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Synovial Membrane 

The synovial membrane may show villous prolifération, slight hyper- 
plasia of the lining cells, and mild chronic inflammation (Figs. 11-21 
and 11-22). Small osteochondral loose bodies are commonly found 
in the synovium and in the joint cavity. In some cases of degener- 
ative arthritis of the knee (and occasionally in rheumatoid arthri- 
tis), a cystic herniation of the synovium may occur into the popliteal 
space, commonly referred to as Baker s cyst (Fig. 11-23). 

NATURAL HISTORY 

A number of questions may be asked about OA, including: 

• Is it a single disorder or a family of disorders? 

• What is the rôle of acute and chronic trauma in its pathogenesis? 

• Is OA an inévitable conséquence of aging? 

• How do the anatomie, physiologie, biochemical, and mechani- 
cal alterations in cartilage matrix interrelate in the pathogen¬ 
esis of OA? 

• What rôles do the extracartilaginous tissues and structures of 
the joint play in OA? 


• Under what circumstances does inflammation develop and 
what is its rôle in OA? 

• Does articular cartilage undergo repair in OA, and is there 
repair of the joint as a functional mechanism? 

Some of the answers to these questions hâve been addressed in 
the preceding chapter. 

In about one fifth of the patients, it is évident to the clinician 
that an antécédent condition, such as congénital hip dysplasia 
or Pagets disease, is causally related to the OA, which can there- 
fore be considered secondary OA (Box 11-1). Individuals affected 
by secondary OA are likely to be younger than those with primary 
(idiopathic) OA, who are usually older than 60 years of âge. 

It is obvious that OA is not necessarily the conséquence of aging 
per se, because in most people, most joints remain essentially nor¬ 
mal even into extreme old âge. 

A number of autopsy studies hâve demonstrated the incidence 
of degenerative changes in various joints, as well as its progression 
from mild to severe disease. As might be expected the incidence 
at autopsy is much more than the clinical incidence of disease 
(Table 11-1). 



FIGURE 11 -21 A, The synovium from a patient with osteoarthritis exhibits a marked villous pattern. The villi are fine and délicate, an appearance that grossly 
reflects the lack of any significant cell infiltrate in the subsynovium. B, Photomicrograph of the specimen demonstrates the overgrowth of the synovial lining 
cells without significant inflammatory cell infiltration in the subsynovial tissue (H&E, x 4 obj.). 



FIGURE 11-22 A, Photomicrograph of the synovial membrane in a patient with osteoarthritis (OA). The villous pattern of the synovium and hyperplasia of the 
synovial lining cells are évident. In this patient, as in many patients with OA, one may also note a mild chronic inflammatory infiltrate in the synovial tissue. 

B, This inflammation can rarely be severe as seen here, where there is also an included cartilage fragment (both images, H&E, x 25 obj.). 
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FIGURE 11 -23 Radiograph of the leg of a young woman with a history 
of juvénile rheumatoid arthritis who reported fullness in the calf. Injection 
of a radiopaque dye clearly demonstrates the extent of a Baker's cyst in 
the popliteal région. 


BOX 11-1 Conditions that May Précédé Osteoarthritis 
(Secondary Osteoarthritis) 

Hip dysplasia 

Congénital dislocation or subluxation of the hip 
Legg-Calvé-Perthes disease 
Slipped capital fémoral epiphysis 
Intra-articular fracture; traumatic dislocation 
Radiation damage 
Infection 

Metabolic diseases (e.g. ; goût, CPPD, ochronosis) 
Unrecognized avascular disease 
Burned-out rheumatoid arthritis 
Paget's disease 


The pathogenesis of OA can be understood only in terms of 
the interdependence of anatomy, physiology, biochemistry, and 
mechanical function. Ail components of the joint play a rôle in the 
pathogenesis of the disease, not just cartilage. Tissue breakdown 
always results in an inflammatory response, which also plays its 
rôle in the disease processes. 

Radiographie Staging 

The availability of a large volume of tissue specimens from hip 
replacement arthroplasty, together with the availability of these 
patients’ clinical radiographs and case historiés, has made it pos¬ 
sible for us to gain further insights into the natural history of OA of 
the hip. One of the problems with most classifications of the radio¬ 
graphie changes in OA is that they tend to miss the dynamic pro¬ 
gressive nature of the disease, which as already discussed, involves 
mechanical wear, cell injury, and repair. It has been possible for us to 
stage the disease radiographically not only on the basis of horizon¬ 
tal comparisons of radiographs in different patient s hips but also in 
longitudinal studies of serial radiographs of the same patient. Our 
observations lead us to suggest that there are three stages in the dis¬ 
ease process that can be appreciated radiographically: 

• Stage I is characterized by narrowing or absence of the joint 
space, with préservation of the subchondral bone contours 
of the fémoral head and of the acetabulum. In this early 
stage of the disease, migration of the fémoral head has not 
occurred beyond the distance caused by the loss of the car¬ 
tilage (Fig. 11-24). 

• Stage II is characterized by complété absence of the superior 
joint space, with incomplète or complété loss of the subchondral 
bone contour. In this stage bone loss may be marked, and sub¬ 
chondral sclerosis and cystic changes in the bone on both 
sides of the joint are prominent. Migration of the joint, in most 
cases superiorly and laterally, also occurs relative to the bone 
loss (Fig. 11-25). 

• Stage III is characterized by some reappearance of the joint 
space after maximal bone loss and migration hâve occurred. 
The bone contours again become relatively well defined. 
Sclerosis has diminished, and cysts hâve become indistinct 
(Fig. 11-26). 

This radiologie staging corresponds well historically to the 
duration of symptoms. 


TABLE 11-1 Incidence of Cartilage Changes and Osteoarthritis at Autopsy in Joints at Different Ages 
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FIGURE 11-24 Radiograph demonstrating the characteristics of stage I 
osteoarthritis.There is narrowing of the superior joint space, with some 
subchondral sclerosis and subchondral cyst formation in the acetabulum. 



FIGURE 11-25 Radiograph demonstrating the features of stage II osteoarthritis. 
There is marked subluxation of the joint, with distortion of the fémoral head, 
and severe sclerosis and cyst formation on both sides of the joint. 

A number of corrélations can be made between this System of 
radiographie staging and the pathologie appearance of the resected 
specimens. The most striking of these corrélations is that reparative 
cartilage is much more prominent in radiographie stage III than in 
stage I (Figs. 11-27 to 11-30). Subchondral cysts are most prévalent 
in stage II and tend to decrease in number in stage III. 


FIGURE 11-26 Radiograph showing the features of stage III osteoarthritis. 
Maximal subluxation of the joint is associated with diminished sclerosis, 
absence of subchondral cyst, and reappearance of the joint space. 


When considering the processes of injury and repair within carti¬ 
lage, bone, and synovium that make up the joint, it is important not 
to lose sight of the fact that joint function dépends on the anatomy 
of the entire structure. If the repair processes observed in the vari- 
ous tissues are not directed toward restoration of the shape of the 
joint as well as restoration of stability and of an équitable loading 
pattern, then they serve no useful purpose. 

The most easily recognized evidence of the attempt at functional 
restoration is the production of new bone, in the form of osteo- 
phytes, at various sites along the joint surface, particularly at the 
joint margins. Such remodeling of bone occurs early in the process 
of OA. The degree of remodeling by this process can be considérable, 
and its efficacy is reflected clinically. The presence of osteophytes in 
the knee and hip by no means always heralds the development of 
symptomatic OA. Radiographie studies hâve shown that two thirds 
of knees that exhibit evidence of osteophyte formation, even when 
followed up for as long as 17 years, do not develop other degenera- 
tive changes. 

Discussion 

The term OA was first introduced by Archibald E. Garrod, in the 
1890s. In 1909, Nichols and Richardson, on the basis of anatomie 
features, distinguished the two major categories of chronic arthri- 
tis by separating inflammatory arthritis from degenerative arthritis: 
“These (various) joint lésions can be divided with great definiteness 
into two pathological groups: (1) those which arise from primary 
proliférative changes in the joints, chiefly in the synovial membrane 
and perichondrium, and (2) those which arise primarily as a degen- 
eration of the joint cartilage. These two pathological groups are char- 
acterized by distinct gross and histological différences.” Nichols and 
Richardson went on to State that “the earliest change to be observed 
in hypertrophie arthritis (OA) is a roughening of the cartilage, which 
begins near the center of the articular surface, i.e. at the point where 
pressure and friction between the ends of the bones is greatest.” 
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FIGURE 11-27 The radiograph shown in B was taken 8 years after that in A. It demonstrates the improvement that may occur in the radiographie appearance 
of a patient with osteoarthritis, even without treatment. 



FIGURE 11 -28 Gross superior view of a fémoral head from a patient with 
radiographie stage I osteoarthritis shows an area of complété cartilage loss, 
with polishing or eburnation of the underlying bone. 


FIGURE 11-29 In this gross specimen of a deformed fémoral head from a 
patient with radiologie stage III osteoarthritis, the weight-bearing superior 
surface has been recovered with an irregular, cobble-stoned layer of cartilage. 


FIGURE 11-30 The radiographie 
and to some extent the clinical 
signs of arthritis dépend on 
the balance between injury to 
the joint and repair of the joint 
(i left ). Détérioration is taking 
place because breakdown (i.e., 
loss of cartilage, bone, and bone 
shape, as well as bone necrosis) 
is proceeding more rapidly 
than repair (i.e., régénération 
of cartilage and formation of 
new bone) ( center ). Both injury 
and repair are proceeding at 
about the same pace and the 
joint is stabilized {right). Repair 
is proceeding more rapidly than 
injury, leading to morphologie and 
perhaps clinical improvement. 
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Since the time of that report, most authors on the subject hâve 
concluded that the earliest changes in OA are found in ‘those areas 
in which weight bearing is pre-eminently concentrated, and which 
are the most severely subjected to shearing and twisting types of 
stress.’ 

The wear-and-tear theory of causation, to which this author 
does not subscribe, has had a stultifying effect on medical opinion 
with regard to its views on prévention and treatment of the disease. 
My belief is that it is more helpful to regard clinical arthritis as 
the conséquence of a breakdown of normal physiologie pathways. 
Thus the etiology of arthritis can be defined, in general terms, as 
any condition that changes the shape of the articulating surface, 
changes the joint support, or alters the tissue matrices. It is not an 
inévitable disease resulting from wearing out of the joint by long 
use. Rather, OA is a disease of multiple étiologies, and searches for 
a single, all-encompassing cause are fruitless. Although dysfunc- 
tion may begin in any of the structures that make up the joint, by 
the time the disease cornes to the attention of a clinician, most 
structures of the joint are involved. Because of this overall involve - 
ment, it is often impossible, especially in the later stages of disease, 
for the pathologist to détermine the etiology. 


Ochronosis (Alkaptonuria) 


Ochronosis was first described by Virchow to dénoté a brownish 
black pigmentation of connective tissue in patients with alkapto¬ 
nuria. Generalized degenerative joint disease or OA is often the 
presenting disease in ochronosis. The condition results from a rare 
autosomal récessive hereditary disorder of tyrosine and phenyla- 
lanine dégradation, in which the absence of the enzyme homogen- 
tisic acid oxidase leads to the accumulation of homogentisic acid 
in the body. The defect has been mapped to the HGD gene on 
arm 3q. The presence of excess homogentisic acid in the urine 
causes the condition known as alkaptonuria, characterized by 
darkening of the urine on exposure to air (this discoloration may 
be the only abnormality in children affected by ochronosis) (Fig. 
11-31). However, in time, the widespread déposition of dark oxida- 
tive products occurs in virtually ail collagen-containing structures 
in the body, including the sclerae and the skin. The prédominant 
déposition of homogentisic acid in cartilage (including the inter¬ 
vertébral dises and articular cartilage) causes collagen brittleness 
and conséquent breakdown of the tissue, which, in turn, leads to 
spondylosis and arthropathy, in which the large joints are most 
severely involved (Fig. 11-32). 

Radiographie examination of the spine of patients with 
ochronosis reveals calcification of the intervertébral dises, with 
narrowing of the dise spaces (Fig. 11-33). The changes seen in 
the large diarthrodial joints may be indistinguishable on radio- 
graphs from OA with osteophytosis and subchondral bone scle- 
rosis (Fig. 11-34). 

Gross examination of the affected tissues reveals a brownish 
black discoloration, often with degenerative changes (Fig. 11-35). 
Histologie features of ochronosis include the intracellular accumula¬ 
tion of pigment and irregular fragments of pigmented cartilage that 
may be embedded in the synovium, a phenomenon that suggests 
a rapidly destructive arthropathy similar to that seen in a Charcot 
joint (Fig. 11-36). Ultrastructural study of the affected tissue has 
shown widening and fragmentation of collagen fibers in association 
with the déposition of the pigment in the matrix (Fig. 11-37). 

The précisé mechanism of the tissue injury is not fully under- 
stood, but the disruption of collagen cross-linking by métabolites of 
homogentisic acid is a probable explanation. 



FIGURE 11-31 In the flask on the left is urine from a patient with 
ochronosis, which has been allowed to stand for 15 minutes. Some 
darkening, due to oxidation of homogentisic acid, is apparent at the surface. 
After 2 hours, with shaking, the specimen is entirely black (flask on the 
right). 



FIGURE 11-32 Section obtained at necropsy through the spine 
of a patient with ochronosis. Note the black discoloration of the 
intervertébral dises and the pronounced narrowing and irregularity 
of the dise spaces. 
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FIGURE 11 -33 Radiograph of the vertébral column in a patient with 
ochronosis.There is marked narrowing of the intervertébral dise spaces, 
together with some calcium déposition. (Courtesy of Dr. Robert Freiberger.) 


FIGURE 11 -34 Radiograph of the latéral aspect of the knee in a patient 
with ochronosis. Note the joint space narrowing, together with irregular 
calcified material in the joint space. (Courtesy of Dr. Robert Freiberger.) 



FIGURE 11 -35 A, Photograph of the articular surfaces of a knee joint from a patient with ochronosis, showing discoloration of the cartilage and mild 
degenerative changes. B, Section through the fémoral condyle illustrated in A shows that the pigmentation is mainly seen in the deep cartilage. 


Arthritis Secondary to Subchondral 
Insufficiency Fracture 


Hip fractures are an increasingly important public health problem in the 
elderly. It has been estimated that in the United States, more than 500,000 
cases annually will occur by the year 2030. These estimâtes underscore 


the importance of préventive measures to delay the onset of osteoporo- 
sis. The most commonly encountered fractures are through the fémo¬ 
ral neck, either subcapital, intertrochanteric, or subtrochanteric. Stress 
fractures of the fémoral neck, although much less common, are also well 
recognized. Until recently, immediately subarticular (subchondral) frac¬ 
ture has been most commonly observed as a secondary phenomenon in 
patients with primary osteonecrosis of the fémoral head. 
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FIGURE 11 -36 Photomicrograph of a portion of the synovial membrane 
from a patient with ochronosis demonstrates irregular, sharp fragments of 
pigmented cartilage, together with fibrosis and mild chronic inflammation 
in the subsynovial tissues (H&E, x 10 obj.). 

Recent clinical reports of primary subarticular fractures of the 
fémoral head include stress osteopathy in young military train- 
ees, insufficiency fracture in rénal transplant récipients, and most 
commonly in our expérience elderly osteoporotic women. These 



FIGURE 11-37 Photomicrograph of a portion of ochronotic articular 
cartilage shows the mahogany pigmentation of the cartilage matrix. 
Note the poor viability of the chondrocytes (H&E, x 10 obj.). 


reports hâve stressed the importance of its différentiation from 
osteonecrosis, especially when using magnetic résonance imaging 
(MRI), because the initial diagnosis will affect the treatment and 
management of the patient. Many of the clinically reported cases 
hâve resolved after conservative therapy without progressing to 
collapse or surgery. However, in our expérience histologie evidence 
of subchondral fracture as the etiology of acute onset hip pain in 
elderly woman has become increasingly commonplace, and in a 
recent study accounted for 5.1% of ail total hip replacement in our 
institution. 

Clinically, patients with subchondral insufficiency fracture (SIF) 
are mostly elderly women who are ostéopénie and overweight. These 
features distinguish this patient population from the majority of those 
with osteonecrosis. In the published cases of insufficiency fracture, 
shortly after the onset of acute hip pain, radiographie changes were 
reported to be unremarkable (which would seem inappropriate to 
the reported severity of pain in these patients) (Fig. 11-38). However, 
MRI has shown a bone marrow edema pattern, which in about half 
the cases is associated with a focal low-intensity band on Tl (Fig. 
11-39). Although a low-intensity band is also observed in primary 
osteonecrosis, it generally differs in two ways. First, in osteonecrosis, 
the subchondral bone segment proximal to the low-intensity bands 



FIGURE 11-38 An anteroposterior radiograph of a 68-year-old female 
patient reporting the sudden onset of severe and unremitting pain in the 
right hip that had persisted for 2 months. 



FIGURE 11-39 A magnetic résonance imaging scan obtained in the 
patient shown in Figure 11-38 reveals a loss of signal intensity, which was 
interpreted as evidence of osteonecrosis. 
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does not show high-intensity on fat suppression, whereas in subchon- 
dral fracture, it usually does. Second, the shape of the low-intensity 
band in osteonecrosis is usually concave to the articular surface. In 
subchondral fracture, the low-intensity band on Tl may often paral- 
lel the articular surface and show a serpiginous shape (however, in 
our expérience there is considérable variation, which may make the 
différentiation by MRI difficult). 

A fémoral head removed in the early stages of an insufficiency 
fracture is grossly unremarkable except for focal subchondral hem- 
orrhage, which may be very difficult to find (Fig. 11-40). 

Histopathologically the most characteristic finding in the cases 
reported was the presence of fracture callus and granulation tis- 
sue along both edges of the fracture line (Fig. 11-41). Such cases 
had been previously diagnosed histopathologically as osteonecro¬ 
sis, presumably because of the small foci of necrosis caused by the 
fracture (Fig. 11-42). (Most important, failure to recognize the true 
etiology initially was most likely because the concept of primary 
SIF was unknown to us.) However, we are now convinced that 
small foci of necrosis seen only around an area of fracture should 


not be considered as sufficient evidence for a diagnosis of primary 
osteonecrosis. (Because subchondral fracture of the fémoral head 
is a common complication in cases of osteonecrosis, generally 
believed to be the cause of the symptoms, a patient with a painful 
hip shown by imaging studies to hâve a subchondral fracture has 
been generally assumed to hâve osteonecrosis.) 

The signs and symptoms of both fracture secondary to osteone¬ 
crosis and insufficiency fracture are similar. However, although 
most patients with osteonecrosis are in their early 40s, most insuf¬ 
ficiency fractures are seen in patients older than 60 years of âge who 
are radiologically osteoporotic. 

Spontaneous osteonecrosis of the knee has been recognized as 
a distinct form of osteonecrosis since it was first described in 1968. 
The lésion is clinically characterized by the sudden onset of severe 
knee joint pain in older patients and is not usually associated with 
systemic disorders or previous corticosteroid therapy. In general, 
the lésion is immediately subarticular and is located in the médial 
fémoral condyle. In the early period after the onset of pain, the radio¬ 
graphie findings are usually unremarkable (Fig. 11-43). 



FIGURE 11-40 A, Because of the unremitting 
pain, a total joint replacement was done on 
the patient shown in Figures 11-38 and 11-39, 
but except for mild marginal osteophytes, no 
abnormality of the articular cartilage was seen. 

B, Section taken through the fémoral head 
showed no discernible abnormalities and in 
particular no evidence of osteonecrosis. C, A 
radiograph of one of the slices shows subtle 
alterations in the architecture of the subchondral 
bone that were not immediately obvious to the 
prosector. D, A microscopie section of the slice 
in C. Slight thickening is focally présent in the 
subchondral région (H&E, x 1 obj.). 
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FIGURE 11-41 A, A low-power microscopie view of the sclerotic area shown in Figure 11-40D reveals a linear fracture (H&E, x 1.5 obj.), which on higher power 
(B) reveals fracture callus on both sides of the fracture line (H&E, x 10 obj.). C, Another view of the fracture line (D) with polarized light to bring out the woven 
bone of the fracture callus (both C and D, H&E, x 4 obj.). 



FIGURE 11-42 Focal necrosis between the fracture and the subchondral bone 
plate is a common finding in subarticular insufficiency fractures and should 
not be interpreted as evidence of primary osteonecrosis (H&E, x 10 obj.). 


In our expérience, spontaneous osteonecrosis of the knee 
(SPONK) is less common and has a very different morphology than 
classic osteonecrosis of the knee. The classic nontraumatic form of 
osteonecrosis of the knee has been associated with various factors, 
especially corticosteroid intake in patients with RA or lupus erythe- 
matosus. It is often bilateral, frequently involves large portions of the 
epiphysis and metaphysis, and usually is apparent on plain radio- 
graphs at the time of the onset of symptoms. 

We now believe that the histopathologie findings support the view that 
subchondral insufficiency fracture resulting from underlying osteoporo- 
sis is the etiology of so-called spontaneous osteonecrosis of the knee. 


Rapidly Destructive Osteoarthritis 


First reported in the literature by Postel and Kerboull in 1970, rapidly 
destructive arthrosis (RDA) of the hip joint is a relatively uncommon 
form of arthritis that is seen mostly in elderly women. RDA is charac- 
terized by rapid joint destruction within 6 to 12 months and usually 
less. Disappearance of the joint space is the typical initial finding on 
radiographs, followed by rapid disappearance of the fémoral head. 
In general, proliférative changes are minimal. The majority of cases 
are unilatéral, without evidence of antécédent OA, osteonecrosis, 
neuropathy, infection, or inflammatory disease (Fig. 11-44). 

Since we became aware of SIF, we hâve corne to realize that this 
condition is relatively common in the elderly population, and that 
some cases of SIF show rapid disappearance of the hip joint space. 
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FIGURE 11-43 A, Anteroposterior radiograph of the knee in a 58-year-old woman who reported sudden onset of pain in the knee. Irregularity of the articular surface 
of the médial fémoral condyle is évident. B, Latéral view of the same knee shown in A reveals an extensive subchondral fracture of a portion of the articular surface of 
the fémoral condyle. C, Photograph of the resected médial fémoral condyle shows fracturing of the articular cartilage around the infarcted area. D, Frontal slice taken 
through the médial condyle.The zone of bone necrosis lies immediately under the articular surface and is characterized by an opaque yellow appearance. Immediately 
beyond the necrotic zone is a band of hyperemia. Separating the necrotic bone from the overlying cartilage is a gap created by collapse of the bone trabeculae in 
the necrotic segment. E, Specimen radiograph demonstrates that the subchondral bone end plate remains attached to the articular cartilage, and around the margin 
of the infarct, the fracture extends through the bone end plate, producing deformity of the articular surface. F, Photomicrograph of a histologie section through the 
specimen (H&E, x 1 obj.). G, Photograph of the undersurface of a detached piece of articular surface with visible fragments of attached necrotic subchondral bone. 


In most cases of RDA, we believe there is often evidence of sub¬ 
chondral fracture histologically (Fig. 11-45). The articular cartilage at 
the superior portion of the fémoral head may be thinned, detached 
from the subchondral bone or lost. In the superficial portion of the 
marrow space, round-to-oval foci of granulomatous tissue are usually 
observed, in which small fragments of bone and articular cartilage 


embedded in amorphous éosinophilie débris are found surrounded 
by aggregated epithelioid histiocytes and giant cells (Fig. 11-46). This 
type of granulomatous lésion has been observed to be prominent in 
the advanced stages of RDA, and we consider it pathognomonic of 
rapid joint destruction. No evidence of primary osteonecrosis was 
observed in these specimens. 


CHAPTER 11 THE NONINFLAMMATORY ARTHRITIDES 271 



FIGURE 11-44 A, An ostéopénie 57-year-old woman reported severe and intermitting pain in the right hip. B, There is évident flattening of the superior surface 
of the fémoral head 1 month later, together with narrowing of the joint space. C, There has been further loss of joint space as well as bone 4 months later.This 
pattern of events is typical of rapidly destructive osteoarthritis. 



FIGURE 11-45 A, A radiograph of a slice of the fémoral head removed from the patient shown in Figure 11-44 demonstrates loss of tissue on the superior 
surface of the fémoral head but no evidence of changes generally associated with osteoarthritis. In particular, there is a complété absence of osteophytes. 
B, A microscopie section shows apparent crushing of the bone trabeculae superiorly (H&E, x 1 obj.), which on closer viewing 


(Continued) 
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FIGURE 11-45—CONT'D (C) also reveals some immature fracture callus (H&E, x 4 obj.). D ( The attenuated trabeculae show focal résorption (H&E, x 10 obj.). 
E, In other areas, the marrow spaces are filled by immature callus (H&E, x 10 obj.). 



FIGURE 11-46 A, In the deeper portion of the fracture shown in Figure 11-44, granulomas formed of amorphous débris surrounded by histiocytes and giant 
cells are présent (H&E, x 4 obj.). B, A higher power view to demonstrate the histiocytes and giant cells (H&E, x 25 obj.). 
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FIGURE 11-46 — CONT'D C, Polarized light clearly demonstrates that 
within the amorphous débris, there are crushed fragments of bone. 

These lésions are a characteristic finding in rapidly destructive arthritis 
and clearly reflect the celerity of the process (H&E, polarized light, 
x 25 obj.). 

Thin, disconnected bone trabeculae indicative of osteopenia may 
be observed throughout the fémoral head. Although focal thinning 
and/or absence of the articular cartilage has been noted at the supe- 
rior portion of the fémoral head, it is relatively well preserved on the 
other areas of the fémoral head, with viable chondrocytes, indicating 
that there is no evidence of chondrolysis morphologically. The syn¬ 
ovial tissue generally shows mild hyperplasia and hypertrophy, with 
minimal inflammation but massive focal accumulations of éosino¬ 
philie amorphous débris, including small pièces of bone and articu¬ 
lar cartilage détritus (Fig. 11-47). 



FIGURE 11-47 Another characteristic finding in rapidly destructive 
osteoarthritis is abundant bone and cartilage débris within the synovial 
tissue (H&E, x 25 obj.). 


The initial clinicoradiologic findings in individuals with RDA are 
similar to those seen in cases of SIF. 

The mechanism of rapid joint destruction is almost certainly mul- 
tifactorial, and no one factor is sufficient to explain it. Many factors 
may play an important rôle in the pathogenesis of rapid joint destruc¬ 
tion, including increased levels of bone resorptive enzymes; however 
the use of anti-inflammatory drugs or corticosteroid injection into the 
joint after the fracture has occurred may well play an important rôle. 

We consider the granulomatous lésion to be the resuit of the 
rapid rate of bone destruction, which does now allow for résorption 
in the usual way. 

The presence of SIF resulting from osteopenia should be kept in 
mind when elderly patients hâve hip pain. Préventive treatment for 
osteoporosis and the early récognition of SIF may contribute to the 
élimination of RDA. 


Osteochondritis Dissecans 


Osteochondritis dissecans is a benign noninflammatory condition 
of diarthrodial joints that affects young adults. The most commonly 
affected joints are the knee, ankle, and elbow. The disorder is char- 
acterized clinically by pain, limitation of motion, locking of the joint, 
or effusion. Imaging studies reveal a well-demarcated fragment of 
bone and overlying articular cartilage, which may or may not be 
separated from the articular surface at the time of présentation 
(Fig. 11-48). The condition usually involves the latéral aspect of the 
médial fémoral condyle; less commonly, it involves the posterome- 
dial aspect of the talus or the antérolatéral aspect of the capitellum. 
Although osteochondritis dissecans is unilatéral in most instances, 
rarely it may be bilateral and symmetrical. 

Familial cases of osteochondritis hâve been reported, and in these 
patients, the disorder is probably transmitted as an autosomal domi¬ 
nant trait. Affected children are often short in stature and may hâve 
an associated endocrine dysfunction. In these patients, the under- 
lying defect in osteochondritis dissecans may well be an accessory 
center of ossification, although trauma must play an important rôle 
in the initiation of clinical disease. 

The gross appearance of a resected specimen is usually that of a 
fiat, smooth nodule formed of avascular bone, with overlying via¬ 
ble articular cartilage. A layer of dense, fibrous connective tissue 
or fibrocartilage usually forms on the bone surface (Fig. 11-49). 

Treatment consists of reattachment of the loose body (where 
feasible) or excision. 



FIGURE 11-48 In traumatic osteochondritis, the fragment may still be attached 
to the joint surface as illustrated in this photomicrograph (H&E, x 4 obj.). 
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FIGURE 11-49 A, Radiograph of the knee in a 12-year-old boy who reported discomfort in the joint shows a well-demarcated defect on the articular surface 
of the médial fémoral condyle. At this point, the osteochondral body has not separated from the condyle and is still in situ. B, Photograph of a section through 
a loose body removed from a patient with osteochondritis dissecans.There is a layer of intact articular cartilage on the lower surface with an overlying dise of 
attached bone, which itself has a fibrous covering on its inferior surface. C, Photomicrograph of the loose body. The bone may or may not be necrotic depending 
on whether or not it is still attached to the affected epiphysis (H&E, x 1 obj.). 


Slipped Capital Fémoral Epiphysis 
(Adolescent Coxa Vara) 


Slipped capital fémoral epiphysis, a usual precursor of early-onset 
OA of the hip, is the resuit of a spontaneous fracture and disruption 
on the metaphyseal side of the growth plate of the fémoral head. 
It usually occurs in overweight adolescent boys at the time of the 
growth spurt. The condition may be unilatéral or bilateral. Early 
clinical symptoms and signs are pain or limping, with eventual limi¬ 
tation of mobility. 

On radiographs, early displacement may be évident only on lat¬ 
éral films, where it appears as a backward (or dorsal) displacement 
(Fig. 11-50). Eventually, there is obvious séparation of the fémoral 
head and neck, with résultant coxa vara (Figs. 11-51 and 11-52). 
Valgus présentation is rare. 

The condition is very common in domestic pigs that hâve been 
bred for very rapid growth. In these animais, the condition appears 
to resuit from the widening of the growth plate and the increase in 
vascularity that accompany the period of accelerated skeletal growth 
and is seen in several different joints. 

Microscopically, the epiphyseal growth plate in an affected indi- 
vidual may appear markedly irregular and thicker than normal. 
Hemorrhage is often présent between the growth plate and the 
primary spongiosa, thus effectively blocking the ingrowth of the 
metaphyseal capillaries into the growth plate and preventing endo- 
chondral ossification (Fig. 11-53). These circumstances would lead 
to an increased propensity for shear failure in the angulated growth 
plate of the fémoral neck. 

Treatment of a slipped epiphysis is generally by internai fixation 
of the fémoral head. 

In blacks, an increased incidence of chondrolysis has been 
reported in association with a slipped epiphysis. Patients with 


the combined disorder hâve elevated levels of immunoglobulins 
and the C3 component of complément. These findings suggest a 
localized antigen-antibody-mediated effect as part of a systemic 
disorder. 



FIGURE 11-50 Clinical radiograph of the hip joint in a patient with a 
significant slipped epiphysis. The inferior displacement of the capital fémoral 
epiphysis on the neck of the fémur can be readily appreciated. 
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FIGURE 11 -51 Radiograph to demonstrate bilateral slip of the capital 
fémoral epiphysis. On the left side, the epiphysis is almost completely 
dislocated with respect to the metaphysis. 


Congénital Dislocation of the Hip 


Congénital dislocation of the hip (CDH) is a relatively common 
abnormality in which the fémoral head is not properly positioned 
in the acetabular fossa at the time of birth (Fig. 11-54). CDH is 
not a true congénital malformation, rather it results from either 
mechanical or physical factors that lead to instability of the hip in 
the newborn. These factors may include maternai hormones such 



Total displacement 
Metaphysis 


FIGURE 11-52 Photomicrograph of a section through the fémoral head 
and neck of a case of slipped capital fémoral epiphysis. The epiphyseal end 
of the bone has totally separated from the growth plate, a portion of which 
is seen on the outer surface of the lower left-hand side of the photograph 
(H&E, x 1 obj.). 



FIGURE 11-53 A, Low-power photomicrograph taken during an early stage of slipped epiphysis, before extensive displacement has occurred. On the left, focal 
thickening of the growth plate and séparation of the growth plate from the underlying metaphysis by hémorrhagie tissue can be seen (Masson trichrome stain, 
x 4 obj.). B, High-power photomicrograph of the tissue in A shows focal hemorrhage between the growth plate and the metaphysis. It is postulated that such 
hémorrhagie tissue serves to block continued endochondral ossification, and consequently the growth plate becomes thicker owing to the lack of endochondral 
ossification and conversion to bone (Masson trichrome stain, x 25 obj.). 
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FIGURE 11-54 Radiograph of a young child with untreated congénital 
dislocation of both hips. The roof of the acetabulum appears to be poorly 
formed. After réduction, this patient developed avascular necrosis of the right 
hip, a common complication. 

as estrogen and relaxin (which affect fêtai as well as maternai liga- 
mentous laxity), tight maternai abdominal and uterine musculature, 
breech présentation, or forced hip extension following birth. The 
left hip is more often involved, but bilateral dislocation is présent in 
more than 25% of patients. 



FIGURE 11-55 An anatomie dissection from a young child with congénital 
dislocation of the hip that was not reduced. Note the deformity of 
the fémoral head, which has developed a saddle-shaped groove across 
its superior portion. On clinical radiographs, this groove may give the 
appearance of a double head. 



FIGURE 11 -56 A, The upper end of the fémur, whole and in coronal section, from a normally developed hip in a newborn. B, The upper end of the fémur, whole 
and in coronal section, from an infant with hip dysplasia shows the abnormal configuration of the articular surface. 







CHAPTER 11 THE NONINFLAMMATORY ARTHRITIDES 277 


Treatment consists of early détection and réduction, that is, 
the return of the fémoral head to its normal position as soon as 
possible after birth, and in those centers where this is routine 
practice, the condition is vanishingly rare. However, in persis¬ 
tent dislocation resulting from delayed diagnosis, the bone and 
soft tissue adjacent to the joint undergo reactive changes that 
preclude easy réduction. Both the acetabulum and fémoral head 


become irregularly contoured (Fig. 11-55). Attempts at forcible 
réduction may compromise the blood supply and lead to avascu- 
lar necrosis. 

In untreated patients, secondary OA develops relatively early 
in life. In some patients, hip dysplasia (malformation of the joint) 
occurs without an obvious dislocation of the hip, and in such a case, 
there may hâve been a subtle degree of subluxation (Fig. 11-56). 



Alfred Baring Garrod (1819-1907). In 

1848, he made his major contribution to 
our knowledge of the causation of goût. At 
a public lecture on February 8, 1848, which 
was reported in the Medical Chirurgical 
Transactions, he demonstrated the increase 
in uric acid in the blood of patients with 
goût. He also demonstrated deposits of 
urate in the articular cartilage of goût; how- 
ever, it was not until 1960 that Hollander 
identified uric acid crystals in the synovial 
fluid in goût. (Photograph by Barraud. 
From the Wellcome Library, London.) 



Barbara Mary Ansell (1923-2001). 

Barbara Mary Ansell was the doyen of pédi¬ 
atrie rheumatology in England, particularly 
recognized for her work in defining differ¬ 
ent forms of idiopathic arthritis that com¬ 
mence in childhood and improving their 
management. She was author of more than 
360 papers in adults and pédiatrie rheuma¬ 
tology. Ansell was a renowned lecturer and 
was an honorary member or fellow of more 
than 16 national and international societies. 
Among her British honors was the title of 
Commander of the Most Excellent Order 
of the British Empire, which she received in 
1982. (From Hull R, Venning H: Dr. Barbara 
Mary Ansell, CBE, FRCP, FRCS, FRCPCH: 
1923-2001. Arch Dis Child 2003;88:185, with 
permission from BMJ Publishing Group Ltd.) 
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Bacterial infections of the joint generally lead to severe and rapid 
breakdown of the tissues, with résultant severe arthritis (see 
Chapter 5, Joint Infection). The massive acute inflammatory infiltrate 
associated with pyogénie infection produces proteolytic enzymes 
that rapidly break down the articular cartilage and intra-articular 
structures (Figs. 12-1 and 12-2). Aspiration of the joint in such cases 
reveals a prédominance of polymorphonuclear leukocytes, with a 
count usually greater than 100,000/mm 3 (see Tables 10-1 and 10-2). 
Because both acute goût and acute rheumatoid disease, two of the 
principal topics of this chapter, also may présent with fever and hot 
tender joints, on occasion it may be difficult to make the correct 
diagnosis; rarely infection may complicate pre-existing rheumatoid 
arthritis (RA), adding to the clinical diagnostic difficulties. 


Inflammatory Arthritis Associated with 
Diffuse Connective Tissue Disease 


Generalized polyarticular arthritis (rarely monarticular arthritis) is 
often the presenting symptom in patients with a variety of diffuse 
rheumatic connective tissue diseases such as RA, psoriasis, systemic 
lupus erythematosus (SLE), and Sjôgrens syndrome. 

Although the various rheumatic diseases differ markedly in clini¬ 
cal présentation, the histopathology of the associated joint disease 
tends to be similar. There are no spécifie qualitative microscopie 
findings in the synovium that distinguish RA from SLE or from the 
arthritis associated with psoriasis or ulcerative colitis. However, 
RA is the most common of these conditions and is most typically 
characterized by arthritis. 

RHEUMATOID ARTHRITIS 

RA, a much less common condition than osteoarthritis (OA), is a 
chronic systemic disease of unknown etiology that most commonly 
involves the synovial lining of both the peripheral joints and tendon 
sheaths; this inflammatory synovitis results in local destruction of 
the joint capsule and articular cartilage, ultimately leading to severe 
joint deformities (Fig. 12-3). 



FIGURE 12-1 Acute inflammation in early septic arthritis. The synovium is 
heavily infiltrated by polymorphonuclear leukocytes, the hallmark of acute 
bacterial infection (H&E, x 4 obj.). 



FIGURE 12-2 Radiograph showing destruction of both hip joints, more 
severe on the left, following infantile septic arthritis. 


FIGURE 12-3 A, In rheumatic arthrits, the 
deformity is usually distinct and severe. Swelling 
and capsular injury at the metacarpophalangeal 
(MCP) joint has resulted in latéral slippage 
of the extensor tendon and ulnar déviation 
of the fingers. B, Radiograph demonstrating 
the destructive joint changes associated with 
advanced rheumatoid arthritis. Note especially 
the marked bone destruction at the wrist, the 
subluxation and ulnar déviation at the MCP 
joints, and the dislocation of the interphalangeal 
joint of the thumb. 
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FIGURE 12-4 A, Synovial fluid aspirate from a patient with rheumatoid arthritis. Note the turbidity of the specimen. B, Microscopy reveals a majority of 
polymorphonuclear leukocytes (H&E, x 25 obj.). 


RA, which is two to three times more common in women than in 
men, is characterized clinically by spontaneous remission and exac¬ 
erbation. Although it may occur at any âge, the peak âge of onset is 
the period from the fourth to the sixth decade. Of ail affected indi- 
viduals, 70% to 80% test positive for the histocompatibility antigen 
DW4 and/or DR4, a finding that implies a strong hereditary com- 
ponent. Extra-articular features, such as arteritis, neuropathy, peri- 
carditis, splenomegaly, lymphadenopathy, and rheumatoid nodules 
occur with considérable frequency, indicating the systemic nature 
of the disease. 

The affected patient is likely to report symptoms of general 
malaise, as well as pain and stiffness in the joints, characteristi- 
cally more pronounced in the morning. Although any joint can be 
involved, those most commonly affected are the small joints of the 
hands and feet. In general, the disease is polyarticular, bilateral, and 
symmetrical. 

Clinical examination reveals the acutely affected joint to be hot, 
swollen, and tender. Aspirated synovial effusion is milky and turbid 
(Fig. 12-4). Compared with septic arthritis, in which the synovial 
fluid usually contains more than 100,000 white blood cells/mm 3 with 
at least 75% polymorphonuclear leukocytes, the rheumatoid joint 
effusion usually contains 20,000 to 50,000 inflammatory cells/mm 3 , 
with only about 50% polymorphonuclear leukocytes. Cultures of the 
synovial fluid and synovial membrane for various organisms, includ- 
ing viruses, hâve generally been négative. 

The principal macroscopie morphologie feature of rheuma¬ 
toid disease, seen both on imaging studies and at surgery, is joint 
destruction (Fig. 12-5). Unlike the noninflammatory arthritides, 
there is little reparative activity, and osteophytes and new bone for¬ 
mation are not prominent (Fig. 12-6). 

Microscopically nonsuppurative chronic inflammation of the syn¬ 
ovium is accompanied by hypertrophy and hyperplasia of the syn¬ 
ovial lining cells, resulting in a papillary pattern at the surface of the 
synovium (Fig. 12-7). Often there are scattered giant cells among 
the synovial lining cells (Fig. 12-8). The subsynovial inflammation 


is characterized by an infiltration of lymphocytes, plasma cells, and 
some mast cells (Figs. 12-9 and 12-10). The plasma cells often con- 
tain éosinophilie inclusions of immunoglobulin (Russell bodies), lym- 
phoid follicles may be prominent, and at the synovial surface, fibrinous 



FIGURE 12-5 Gross photograph of the articular surfaces of a knee joint from 
a patient with rheumatoid arthritis. The articular cartilage is destroyed more 
at the periphery of the joint, whereas the central areas tend to be spared. 

This finding is characteristic of the inflammatory arthritides, and it should 
be contrasted with the findings in patients with osteoarthritis, in whom the 
central cartilage is usually destroyed first and the periphery is spared. 
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underlying cartilage by interfering with chondrocyte nutrition and 
by enzymatic dégradation of the matrix (Figs. 12-19 and 12-20). 
The end resuit of this inflammatory destruction of the articular 
surfaces may be fusion of the joint (ankylosis), either by fibrous tis- 
sue or by bone (Figs. 12-21 and 12-22). In addition to destroying the 
cartilaginous surface of the joint, the rheumatoid synovium usually 
invades, weakens, and destroys the joint capsule and other periartic- 
ular supportive tissues. This leads to marked instability of the joint, 
frequently with subluxation or complété dislocation. 

The inflamed synovium also invades the bone at the articular 
margins, a process that appears on radiographs as marginal éro¬ 
sions (Fig. 12-23). Extra-articular synovitis may lead to bursitis 
(Fig. 12-24), carpal tunnel syndrome or ‘trigger finger,’ or tendini- 
tis (Fig. 12-25), and in some cases these clinical syndromes are the 
herald of more generalized articular disease later. 

Joint destruction is not solely the resuit of intra-articular synovial 
inflammation. Within the marrow spaces of the subchondral bone, 
there may be considérable chronic inflammation and lymphoid fol- 
licle formation (Fig. 12-26). This inflammatory tissue is confined 
to the subchondral bone and does not extend far into the under¬ 
lying cancellous bone. In many cases, the subchondral inflamma¬ 
tory tissue destroys the articular cartilage from below (Fig. 12-27) 
and it is possible to see cartilage destruction both on the articular 
surface by synovial pannus and from the subchondral bone (Fig. 
12-28). Radiographs of affected joints usually reveal a juxta-articular 
osteopenia, which is probably the resuit of inflammation of the 



FIGURE 12-7 A, Photograph of synovium from a patient with rheumatoid arthritis.The cinnamon color is caused by posthemorrhagic hemosiderin deposits in the 
synovium. The plump papillae stem from the cellular overgrowth of the synovium, as well as from the lymphoid infiltration of the subintimai layer.The irregular 
white nodules on the surface are fibrin, the product of vascular exudation in the inflamed tissue. B, Photomicrograph demonstrating the hyperplasia of the synovial 
lining and subsynovial lymphocytic infiltration (H&E, x 4 obj.). C, A higher magnification of a section from B shows the synovial hyperplasia (H&E, x 40 obj.). 



FIGURE 12-6 A, Frontal section through the fémoral head in a patient with 
rheumatoid arthritis. Most of the articular cartilage has been destroyed, but 
there is no evidence of osteophyte formation or bone sclerosis.The absence 
of these two features is in marked contrast to the morphologie findings in 
patients with osteoarthritis. B ( Specimen radiograph of A. 

exudation with admixed polymorphonuclear leukocytes is a promi¬ 
nent feature, especially in the acute phase (Figs. 12-11 to 12-18). 

In the course of the disease, the hypertrophied, inflamed syn¬ 
ovium extends over the articular surface (pannus) and destroys the 




FIGURE 12-8 Photomicrograph of a section of synovial membrane from 
a patient with rheumatoid arthritis. The increased number of lining cells 
(hyperplasia) and their increased size (hypertrophy) are évident. Many giant 
cells are also présent just below the surface. In the subintimai tissue, there is 
a chronic inflammatory infiltrate (H&E, x 10 obj.). 



FIGURE 12-9 Photomicrograph of the subintimai région of the synovial 
membrane in a patient with rheumatoid arthritis shows infiltration of both 
lymphocytes and plasma cells (H&E, x 25 obj.). 



FIGURE 12-10 Photomicrograph shows heavily stained basophilie mast cells 
within rheumatoid synovium (toluidine blue, x 25 obj.). 



FIGURE 12-11 A, Photomicrograph of an inflammatory infiltrate of 
lymphocytes and plasma cells in rheumatoid synovium reveals éosinophilie 
cytoplasmic inclusions (Russell bodies) in many of the plasma cells (H&E, x 
10 obj.). B, Higher magnification shows multiple accumulated Russell bodies 
in the cytoplasm of plasma cells (H&E, x 40 obj.). 



FIGURE 12-12 The plasma cells and Russell bodies contain rheumatoid 
factor (immunoglobulin including immunoglobulin M), demonstrated 
here by staining with fluorescein-labeled antibody to rheumatoid factor. 
This specimen is viewed with ultraviolet light (and was one of the earliest 
démonstrations of an antigen-antibody reaction) (x 50 obj.). 



Lymphoid follicles 



FIGURE 12-13 A, Low-power photomicrograph of synovium from a patient with rheumatoid arthritis demonstrates the distribution of lymphoid follicles 
(Allison-Ghormley bodies) in the subintimai tissue (H&E, x 4 obj.). B, Higher magnification shows a chronic inflammatory infiltrate of lymphocytes with focal 
plasma cell prédominance (H&E, x 10 obj.). C, At a higher magnification, microscopie exudation of homogenous éosinophilie fibrin is présent in the synovial 
lining (H&E, x 25 obj.). 



FIGURE 12-14 Photomicrograph of the synovium shows focal fibrinous 
exudate on the inflamed synovial surface. The dark irregular fragments in the 
subsynovium are calcified bone détritus (H&E, x 10 obj.). 



FIGURE 12-15 Photomicrograph showing polymorphonuclear leukocytes 
and nuclear débris in the fibrinous exudate of a patient with an acute 
rheumatoid joint. With this severity of acute inflammation, it is important to 
rule out an infection (H&E, x 10 obj.). 
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FIGURE 12-16 Gross photograph of the suprapatellar pouch and synovium 
of a knee joint demonstrates copious fibrinous exudate on the surfaces of the 
synovium as well as on the articular surfaces. 


subchondral bone or by hyperemia secondary to the inflammation 
of the synovium (Fig. 12-29). 

About 25% of patients with RA hâve subcutaneous nodules, which 
are most commonly seen over the extensor surfaces of the elbow and 
forearm (Fig. 12-30). Nodules may also occur in the gastrointestinal 
tract, lungs, heart, and the synovial membrane itself (Fig. 12-31). The 
nodules sometimes appear before other signs of rheumatoid disease 
hâve been recognized. 

The rheumatoid nodule is characterized histologically by its 
irregular shape and a central zone of necrotic fibrinoid material sur- 
rounded by histiocytes and chronic inflammatory cells (Figs. 12-32 
and 12-33). The long axes of the histiocytes are frequently radially 
disposed or palisaded around the necrotic core of the nodule. The 



FIGURE 12-18 Photomicrograph showing a heavy chronic inflammatory 
infiltration in the wall of an arteriole that is occluding the lumen; on the left 
a blood-filled venule (FI&E, x 25 obj.). 

fact that generalized vasculitis is common in patients with rheuma¬ 
toid nodules is consistent with the belief that the nodules are the 
resuit of vascular damage. 

Although the etiology of RA is unknown, two important fac¬ 
tors contribute to its pathogenesis: an immunologie reaction and an 
increased number of degradative enzymes. The sérum and synovial 
fluid of most patients with RA contain a number of immunoglob- 
ulins in common, the most frequent of which is immunoglobulin 
M. These immunoglobulins, known as rheumatoid factor, are pro- 
duced by plasma cells both in the synovium and lymphoid System 
as antibodies to autologous immunoglobulin G, which in RA, is 
believed to be altered in some way. These factors appear on micro¬ 
scopie examination, both within and in the vicinity of plasma cells, 
as dense, homogenous, éosinophilie globules (or Russell bodies). 
Approximately 70% of patients with RA hâve a positive rheumatoid 
factor, and high titers may be associated with either acute disease or 
severe chronic disease. 

Rheumatoid factor complexes with IgG in a manner not unlike an 
antigen-antibody reaction. Leukocytes are attracted to the immune 
complexes that, along with fibrin, form deposits on the surface of 
the inflamed synovium. These leukocytes, filled with particles of 
ingested fibrin and immune complex, may be found in the synovial 



FIGURE 12-17 A, Photograph of fibrinous loose bodies or rice bodies recovered from the knee joint of a patient with rheumatoid arthritis. B, Photomicrograph 
of fibrinous loose bodies filled with inflammatory cells. A portion of the synovial membrane is in the lower part of the picture (H&E, x 4 obj.). 









-Inflamed pannus 


- Articular cartilage with 
Weichselbaum’s 
lacunae 


FIGURE 12-19 A, Gross photograph of the radial head from a patient with rheumatoid arthritis. The hyperplastic papillary synovium extends onto and overthe 
articular surface. B, The inflamed synovium forms a covering or pannus over the cartilage, which, in turn, is being eroded. Not only is the cartilage being eroded 
from the surface but the chondrocytes are themselves mostly necrotic with lysis of the surrounding matrix (Weichselbaum's lacunae) (H&E, x 4 obj.). 



FIGURE 12-20 Photomicrograph of an articular surface in late rheumatoid 
arthritis, showing absence of the articular cartilage and a destructive fibrous 
pannus with résorption of the underlying trabecular bone and chronic 
inflammation of the marrow space (H&E, x 4 obj.). 



FIGURE 12-21 Low-power photomicrograph of a metacarpophalangeal joint 
with a fibrous ankylosis (H&E, x 2.5 obj.). 






CHAPTER 12 THE INFLAMMATORY ARTHRITIDES 287 



FIGURE 12-22 Photograph of a knee demonstrates bony fusion in a patient 
who had suffered from rheumatoid arthritis for many years. 


fluid and are called RA cells. After destruction of the polymorpho- 
nuclear leukocytes, lysosomal enzymes are released into the extra¬ 
cellular space, where they further provoke an acute inflammatory 
response and tissue necrosis. These lysosomal enzymes exist in large 
concentrations in both the synovial fluid and tissue of rheumatoid 


FIGURE 12-23 Radiograph of the hand in a patient with early rheumatoid 
arthritis. Note the soft tissue swelling, réduction in the width of the 
joint space, and the érosion that has taken place at the margin of the 
metacarpophalangeal joint of the index finger. 

joints, and they play an important rôle in perpétuation of the tissue 
destruction that characterizes the disease. 

In the late stages of RA where the articular cartilage has been 
destroyed, the joint may show very little evidence of active inflamma¬ 
tion though there may be some dystrophie calcification (Fig. 12-34). 



FIGURE 12-24 Latéral radiograph of the leg of a patient with rheumatoid 
arthritis, which began as a juvénile disease. The patient had reported swelling 
of the calf over many months. Radiocontrast material has been injected into 
the popliteal cyst to demonstrate its extent in this patient. 



FIGURE 12-25 Photomicrograph of tissue obtained from an inflamed 
extensor tendon of the hand showing an inflammatory infiltrate between the 
collagen fibers (H&E, x 25 obj.). 
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FIGURE 12-26 Low-power photomicrograph of a section through a joint in 
a patient with rheumatoid arthritis. Note the extensive chronic inflammatory 
infiltrate in the subarticular marrow space, together with several lymphoid 
follicles on the left (H&E, x 2.5 obj.). 



FIGURE 12-27 A, Photomicrograph to demonstrate subchondral chronic 
inflammation in a patient with rheumatoid arthritis (H&E, x 5 obj.). A higher 
power view (B) to demonstrate the inflammatory destruction of the articular 
cartilage from its subchondral surface (H&E, x 25 obj.). 

Occasionally in histologie sections from patients with RA, it is 
possible to find evidence of the thérapies used in the course of the 
disease such as gold and local corticosteroid injections (Figs. 12-35 
and 12-36). 



FIGURE 12-28 Photomicrograph to demonstrate destruction of the 
articular surface by both pannus above and subchondral inflammation 
below. No articular cartilage is présent (H&E, x 5 obj.). 



FIGURE 12-29 Radiograph of the elbow in a patient with polyarticular 
rheumatoid athritis. Note the loss of joint space, resulting from destructive 
inflammatory synovitis. In this radiograph the soft tissue is clearly seen, 
making it apparent that there is considérable juxta-articular osteoporosis, 
a finding that is in marked contrast to the bony sclerosis associated with 
noninflammatory osteoarthritis. 


JUVENILE RHEUMATOID ARTHRITIS (JUVENILE 
CHRONIC POLYARTHRITIS; JUVENILE CHRONIC 
ARTHRITIS) 

Chronic inflammatory arthritis may also occur in children. About 
20% of cases are polyarthritic and présent with systemic disease; 
40% présent with multiple joint involvement but without systemic 
disease; and 40% are pauciarticular without systemic disease. Most 
of these children test négative for rheumatoid factor; however, the 
few patients who are positive tend to pursue a more severe course 
and are more likely to end with a crippling arthritis. The outlook 
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FIGURE 12-30 Photograph of the eut surface of a rheumatoid nodule. 

Note the well-defined, opaque yellow areas of necrosis with their irregular 
géographie outlines. 

for most children with juvénile rheumatoid arthritis (JRA) is good, 
and at least 75% of patients enter long remission with little or no 
residual disability. 

Synovial biopsies in children affected by JRA usually show much 
less severe disease than the typical RA of adult onset (Fig. 12-37). 

PSORIATIC ARTHRITIS 

Perhaps less than 10% of patients with psoriasis hâve an associated 
inflammatory arthritis that, in general, is less severe than most cases 
of RA. Mostly, it is the peripheral joints that are involved by the dis¬ 
ease—most often the distal interphalangeal joints. 

Subcutaneous nodules are not a feature of psoriatic arthritis, 
although occasionally, they may be seen. However, these patients 



FIGURE 12-31 Radiograph of a latéral projection of the chest shows a 
well-defined opacity in the anterior lung field, which proved to be a 
rheumatoid nodule ( arrow ). 



FIGURE 12-32 A section of a rheumatoid nodule with extensive fibrinoid 
necrosis and cyst formation (H&E, x 1 obj.). 


are usually found to hâve rheumatoid factor and the two diseases are 
generally considered coincidental. 

The characteristic radiographie features in patients with psoriatic 
arthritis include destructive changes affecting small joints charac- 
terized by severe érosions resulting in a pencil-in-cup appearance 
(Fig. 12-38). In a few cases, there is a very severe mutilating process. 
Occasionally, there may be periostitis along the shafts of the long 
bones and prominent syndesmophytes in the spine. 

Microscopically, the synovium of psoriatic arthritis is similar to 
that of RA, although it may be somewhat more fibrotic. 

BURSITIS 

Inflammatory bursitis is clinically characterized by pain, red- 
ness, and swelling of one of the many synovium-lined bursae that 
lie between muscles, tendons, and bone prominences, especially 
around the joints. Sometimes extensive calcification may complicate 
a chronically inflamed bursa, which renders it visible on radiologie 
examination. Bursitis is most commonly the resuit of localized 
chronic trauma. It often occurs in the shoulders of professional ath¬ 
lètes and in the prepatellar and infrapatellar bursae of those who fre- 
quently kneel (e.g., housewives and the religiously inclined). Bursitis 
may sometimes be observed as a complication of RA. 

A bursa may also be involved in other conditions that commonly 
affect the synovial membrane (e.g., goût, synovial chondromatosis, 
or pigmented villonodular synovitis), and in the past, bursitis from 
infection was frequently due to tuberculosis. 

On gross examination of an inflamed bursa, the wall of the bur- 
sal sac is usually thickened and the lining often appears injected 
and shaggy due to fibrinous exudation into the cavity (Fig. 12-39). 
The microscopie findings dépend on the etiology, and the various 
diseases that might affect the synovium, including infection, should 
be carefully sought. However, in most cases of post-traumatic 
origin, scarring and chronic inflammation predominate. 


Diseases Resulting from Déposition of 
Metabolic Products in Joint Tissues 


GOUT 

Goût is a disease that has been commonly associated with rich liv- 
ing, obesity, heavy alcohol intake, hypertension, and rénal disease. 
The condition is characterized clinically by episodic acute attacks of 
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FIGURE 12-33 A, Photomicrograph of a rheumatoid nodule illustrâtes the serpiginous shape of the central géographie fibrinoid necrosis and the surrounding 
palisaded chronic inflammatory cells (H&E, x 4 obj.). B, Photomicrograph of a portion of a rheumatoid nodule demonstrates well-defined zones of central 
fibrinoid necrosis surrounded by a layer of palisaded histiocytes, which, in turn, is surrounded by a layer of lymphocytes and dense fibrous connective tissue 
(H&E, x 25 obj.). 



FIGURE 12-34 Photomicrograph demonstrating dystrophie calcification of 
the joint capsular tissue in late-stage rheumatoid arthritis (H&E, x 10 obj.). 


inflammatory arthritis, usually monarticular, by the development of 
deposits of sodium urate around affected joints (tophaceous goût) 
and the development of rénal calculi. 

Uric acid is the end-product of the catabolism of purines, 
and because humans lack the enzyme uricase, increased syn- 
thesis of uric acid or decreased sécrétion of uric acid by the 
kidneys leads to hyperuricemia. It has been shown that both 
hypoxanthine-guanine-phosphoribosyl-transferase deficiency and 
phosphoribosyl-pyrophosphate synthetase overactivity can cause 
urate overproduction. Because uric acid is not very soluble, it 
begins to precipitate as sodium urate at concentrations higher than 
8.0 mg/dL, especially in a more acid environment such as in the 
kidneys and joints. Prolonged hyperuricemia eventually leads to the 



FIGURE 12-35 A, Photomicrograph of synovial tissue obtained from 
a patient with rheumatoid arthritis reveals extensive fine deposits of a 
brown-black substance (B), which is reflective when examined by polarized 
light. Analysis of this material by energy dispersive analysis has shown it 
to contain gold (H&E, x 25 obj.). 


déposition of monosodium urate crystals in both the joints and in 
the kidneys; occasionally in severe cases, other viscéral organs may 
be affected. When crystals are precipitated in joint cavities, they 
may provoke an acute inflammatory response. 

In most cases, hyperuricemia is secondary to disorders that either 
increase the production of uric acid by cell breakdown or decrease 
the excrétion of uric acid as in chronic rénal disease. The former 
group includes the myeloproliferative disorders, in which there is 
an increased turnover of nucleic acid, and cancer, in which there is 
increased cell breakdown. 
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FIGURE 12-36 A, Photomicrograph shows several deposits of an amorphous material within the synovial tissue taken from a patient with rheumatoid arthritis 
(H&E, x 4 obj.). B, On higher power, this material can be seen to hâve evoked a giant cell and histiocytic response. By history and by comparison with other 
patients, these deposits are most likely to hâve resulted from corticosteroid injections (H&E, x 25 obj.). 



FIGURE 12-37 A, Photograph of a frontal section taken through the fémoral head of a child with juvénile rheumatoid arthritis. Extensive destruction of the 
articular cartilage has occurred, with associated érosion of the subchondral bone. B, Photomicrograph of a section taken at the articular margin of the specimen 
demonstrated in A shows a destructive inflammatory pannus extending onto the articular surface (H&E, x 4 obj.). 


Clinical goût can be divided into three stages: acute gouty arthri¬ 
tis, an intermediate stage called intercritical goût, and the chronic 
stage, in which diffuse deposits are seen (chronic tophaceous 
goût). 

Acute gouty arthritis is usually monarticular and characterized 
by the rapid onset of very severe pain and swelling, often accompa- 
nied by a low-grade fever and leukocytosis. It has a particular pré¬ 
dilection for the lower extremities. The first metatarsophalangeal 
joint (the great toe) is the most common site of initial involvement. 
Acute attacks may be precipitated by trauma, intercurrent illness, 
or debauchery. 

Between attacks of acute goût, the patient may hâve long clin- 
ically asymptomatic periods, even though the hyperuricemia per- 
sists. Eventually the State of chronic tophaceous goût occurs, in 
which déposition of monosodium urate crystals occurs throughout 
the body but particularly in the kidneys and para-articular régions 
(Fig. 12-40). Although the reason for the déposition of crystals is not 
completely understood, the process is known to be accelerated by 
the presence of a low pH, as is présent in the joint spaces. 

The radiographie features of goût include swelling of the periartic- 
ular soft tissues and subséquent érosion of the periarticular bone, giv- 
ing rise to the classic punched-out lésion with overhanging edges at 


the joint margin. Generally, there is little reactive sclerosis and, in con- 
trast to RA, there is no régional osteoporosis (Figs. 12-41 and 12-42). 

In acute gouty synovitis, microscopie examination of the syn¬ 
ovial fluid reveals an inflammatory exudate that may be mistaken 
for infection. However, examination using polarized light and 
a first-order red filter will reveal crystals with a strong négative 
biréfringence. Characteristically the crystals are found in polymor- 
phonuclear leukocytes (Fig. 12-43). (A discussion of examination 
for crystals occurs later in this chapter.) 

The chalky white tophi associated with the chronic phase of goût 
consist of large deposits of crystals surrounded by fibrous tissue and 
rimmed by both mononuclear histiocytes and giant cells (Fig. 12-44). 
(It should be noted that préservation of the crystals for identification 
with polarized light microscopy requires the use of unstained sec¬ 
tions because the aqueous dyes used in most staining techniques 
will dissolve the crystals. Crystal préservation is also improved by 
the use of alcohol rather than for malin fixative.) 

LESCH-NYHAN SYNDROME 

Lesch-Nyhan syndrome is a rare condition also characterized by the 
overproduction and accumulation of uric acid. In addition to the 
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FIGURE 12-38 Radiograph of the right hand from a patient with psoriasis. 
Destructive lésions are présent, particularly the distal interphalangeal joints. 
(Courtesy of Dr. Robert Freiberger.) 


FIGURE 12-39 Gross photograph of an excised popliteal cyst, which was 
opened to demonstrate a thick fibrous wall with a roughened lining, and an 
overlying fibrinous exudate. 



FIGURE 12-40 A, Photograph of a partially dissected finger amputated from a patient with goût. The large chalky white deposits are monosodium urate 
crystals. B, Photograph of sagittal section through finger shows destruction of the proximal interphalangeal joint. C, Specimen radiograph. 
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FIGURE 12-41 A, Radiograph of the great toe shows involvement of the first metatarsophalangeal joint with goût. Overlying the joint there is soft tissue 
swelling, and at the joint margin a clear-cut bone érosion with a characteristic overhanging edge. There is no porosis of the surrounding bone, as would be seen 
in a patient with rheumatoid arthritis. B, Low-power photomicrograph of a portion of the joint shows érosion of the bone and articular cartilage by nodular 
deposits of sodium urate with an associated histiocytic and giant cell response (H&E, x 2.5 obj.). 


symptoms of goût, these patients hâve problems with the nervous 
System and behavioral disturbances. Abnormal involuntary muscle 
movements such as flexing, jerking, and flailing are often displayed. 
People with Lesch-Nyhan syndrome usually cannot walk, require 
assistance sitting, and are generally wheelchair bound. Self-injury, 
including biting and head banging, is the most common and distinc¬ 
tive behavioral problem in those with Lesch-Nyhan syndrome. 

This condition is inherited in an X-linked récessive pattern. 
Mutations in the HPRT1 gene cause a severe deficiency of the 
enzyme hypoxanthine phosphoribosyltransferase 1, the enzyme 
responsible for recycling purines, which are building blocks of 
DNA and RNA. When this enzyme is lacking, the breakdown of 


purines results in abnormally high levels of uric acid in the body. 
However, it is unclear how a shortage of this enzyme causes the 
neurologie and behavioral problems characteristic of Lesch-Nyhan 
syndrome. 

CALCIUM PYROPHOSPHATE DIHYDRATE 
DEPOSITION DISEASE (PSEUDOGOUT, 
CHONDROCALCINOSIS) 

As already discussed in Chapter 8, most cases of calcium déposition 
seen by imaging soft tissues are due to calcium hydroxyapatite; they 
occur either as a complication of trauma with associated necrosis 



FIGURE 12-42 A, Radiograph of a New York City pigeon. The soft tissue swellings are the resuit of tophaceous goût, which is not uncommon in these birds. 
B, Gross photograph of the affected feet, with a normal pigeon foot on the left for comparison. (Courtesy of Dr. S.K. Liu.) 
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FIGURE 12-43 Needle-shaped crystal in a synovial fluid sample. When 
this crystal was aligned with the indicator on the compensating filter, it 
demonstrated négative biréfringence (bright yellow), which is consistent with 
a sodium urate crystal (x 100 obj.). 

(e.g., fat necrosis), generalized connective tissue diseases (e.g., der- 
matomyositis, scleroderma), or metabolic disturbances (e.g., hyper- 


parathyroidism, familial hyperphosphatemia). These deposits are 
seen in many soft tissues including capsular tissue, ligaments, ves- 
sels, dermis, and so on (Fig. 12-45). 


Disease resulting from the déposition of calcium pyrophosphate dihy- 
drate was first identified in 1962 in the synovial fluid of patients who had 
gout-like symptoms without sodium urate crystals, and consequently, 
this entity was designated as pseudogout by McCarty and his coworkers. 
The term chondrocalcinosis was introduced to describe a condition with 
typical radiologie evidence of calcification within the cartilage. However, 
because the condition may clinically be associated with many disease 
States, including goût, RA, OA, neuropathie arthritis, ankylosing spon- 
dylitis, hemochromatosis, and ochronosis, the term calcium pyrophos¬ 
phate dihydrate déposition disease (CPPD) is perhaps more appropriate. 

CPPD is a disease of the elderly. Radiographie surveys hâve dem- 
onstrated an age-related increase in the prevalence of articular chon¬ 
drocalcinosis, with an almost 50% incidence in people older than 
80 years of âge, which in the majority of cases are asymptomatic. 
There appears to be no major sex prédominance, however, attacks of 
pseudogout seem to occur more frequently in men, whereas associ¬ 
ated OA is more common in women. 

Rare hereditary forms of CPPD are generally inherited in auto- 
somal dominant mode. Spécifie gene mutations hâve been described 
in ANKH and COL . The ANKH gene has been shown to be involved 
in cellular transplant of inorganic phosphate. 

In some cases CPPD may be associated with other forms of met- 
abolic dysfunction, such as hyperparathyroidism, hypothyroidism, 
goût, or hemochromatosis. 

The most common clinical association of CPPD is that of OA, and 
symptomatic patients présent with a progressive degeneration that 



FIGURE 12-44 A, Low-power photomicrograph of a tophaceous gouty deposit. A bluish amorphous material is seen surrounded by bundles of dense 
collagenized tissue and chronic inflammatory cells (H&E, x 4 obj.). B, The same field examined by polarized light.The biréfringence of the crystalline material is 
évident. (Préservation of the crystals is improved by fixation in alcohol.) (H&E, x 4 obj.) C, Photomicrograph shows a detail of the field shown in B. Surrounding 
the amorphous crystalline deposit is a thin layer of mononuclear and giant cells (H&E, x 25 obj., polarized light). D, Photomicrograph of another section that 
has been stained by de Galantha's method for démonstration of monosodium urate crystals (x 10 obj.). 
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FIGURE 12-45 Latéral radiograph of the elbow of a patient with 
dermatomyositis. Extensive subcutaneous and soft tissue calcification is 
présent. (Courtesy of Dr. Robert Freiberger.) 


often affects several joints. In order of frequency of involvement, the 
joints most likely to be affected are the knees, ankles, wrists, elbows, 
hips, and shoulders. It is rare that the metacarpals or metatarsals are 
involved. What the causal relationship of CPPD is with that of the 
observed arthritis is not known. 

Patients with pseudogout account for less than 25% of those who 
clinically présent with CPPD. Like goût, pseudogout has an acute 
onset with marked inflammatory changes and swelling. However, 
it is likely to be less severe than goût, and often there are cluster 
attacks—a single joint will first be affected, and then satellite joints 
around it will become involved. Pseudogout, like goût, may be pro- 
voked by an associated illness or by trauma (including surgery), and 
examination of the blood may on occasion show hyperuricemia, 
further complicating the diagnosis. 


Other clinical présentations that may be associated with CPPD 
include multiple symmetric involvements of the joints in a rheumatoid- 
like fashion, rapidly degenerating joint conditions similar to Charcots 
joints, and stiffening of the spine (usually a familial condition). 

On radiographie examination, the deposits of CPPD are 
radiodense and thus are generally easily distinguished from gouty 
deposits, which are radiolucent. The radiodense deposits are char- 
acteristically seen in fibrocartilage (Fig. 12-46), but may also be prés¬ 
ent in hyaline cartilage. The deposits are punctate or linear, and in 
hyaline cartilage, they usually parallel the subchondral bone end 
plate (Figs. 12-47 and 12-48). Punctate calcification may also be seen 
in the synovial tissue (Fig. 12-49). In addition to diarthrodial joints, 
the intervertébral dises and symphysis pubis are often affected. 
Chondrocalcinosis may be associated radiographically with joint 
space narrowing and bony sclerosis similar to that seen in patients 
with degenerative joint disease, but differing in location. The radio- 
car pal compartment of the wrist and the glenohumeral joint are 
commonly involved. 

On microscopie examination, the chalky white deposits appear 
either crystalline or amorphous. In vascularized tissue, they may 
be surrounded by a chronic inflammatory and giant cell reaction 
(Fig. 12-50). In nonvascularized tissue, no inflammatory reaction 
is présent (Fig. 12-51). The crystals are distinguished from goût 
crystals by their shape (rhomboidal) and by their weakly positive 
biréfringence (Figs. 12-52 and 12-53). As is the case with gouty 
deposits, the crystals may not show up with polarized light in 
stained sections but are perfectly visible in unstained sections 
(Fig. 12-54). 

Most investigators who hâve studied chondrocalcinosis believe 
that the crystal déposition has a chondrocytic origin, at least in 
the articular form. The earliest changes involve the cartilage lacu- 
nae, which become enlarged and coalescent. The adjacent matrix 
is replaced by chondromucoid material from which the cells ulti- 
mately disappear (Fig. 12-55). The characteristic calcified punc¬ 
tate lésions corne about through the déposition of crystals in these 



FIGURE 12-46 A, Radiograph of a knee joint in an elderly individual with extensive calcification of the menisci. B, Gross appearance of a meniscus with 
marked calcium pyrophosphate dihydrate déposition. C, A radiograph of this specimen. 


(Continued) 
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FIGURE 12-46—CONT'D D, Detail of the gross specimen meniscal margin. 


FIGURE 12-47 A degenerated patella with extensive deposits of chalky 
white material identified as calcium pyrophosphate both on the surface of 
the cartilage, as well as in the synovium. 



FIGURE 12-48 A, Radiograph of a slice taken through the fémoral head of a patient with hemochromatosis shows extensive calcification of the articular 
cartilage. B, In this eut surface of the fémoral head, chalky white deposits of calcium pyrophosphate dihydrate can be seen in the depths of the cartilage. 
C, Specimen radiograph shows radio-opaque calcium deposits. 



FIGURE 12-49 A, Synovial tissue in a patient with calcium pyrophosphate dihydrate déposition disease, with extensive calcifie deposits immediately at the 
surface. B, Histologie préparation of the tissue, which has been stained with a von Kossa stain to demonstrate the calcium deposits (von Kossa, x 1 obj.). 
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FIGURE 12-50 This photomicrograph shows a deposit of calcium 
pyrophosphate dihydrate on the joint margin.The deposit is surrounded 
by mononuclear histiocytes and giant cells seen upper left, which gives 
the lésion an appearance very similar to that seen in patients with goût 
(H&E, x 10 obj.). 



FIGURE 12-53 Photomicrograph of a deposit of calcium pyrophosphate 
dihydrate déposition disease crystals examined using polarized light and a 
first-order red compensating filter. When aligned with the compensating 
filter, the crystals are faintly refractive and blue (weak positive biréfringence) 
(x 50 obj.). 



',vV- 


FIGURE 12-51 Photomicrograph of a deposit of calcium pyrophosphate 
dihydrate déposition disease in the meniscus. Note the absence of any 
inflammatory response (H&E, x 10 obj.). 



FIGURE 12-54 Photomicrograph of an unstained section taken 
using polarized light, showing the refractive properties of the calcium 
pyrophosphate dihydrate déposition disease crystals (x 10 obj.). 



FIGURE 12-52 Scanning électron photomicrograph of a deposit of calcium 
pyrophosphate dihydrate déposition disease, showing the characteristic 
rhomboidal crystals (x 2,400). 



FIGURE 12-55 Photomicrograph of a portion of articular cartilage 
demonstrates the appearance of the mucoid pools around the chondrocytes 
associated with the déposition of calcium pyrophosphate dihydrate 
déposition disease (H&E, x 25 obj.). 
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chondromucoid pools. It is thought that the deposits are finally 
released into the joint, where they may produce an inflammatory 
reaction. 

There hâve been occasional reported cases of massive focal CPPD 
crystal déposition disease (tophaceous pseudogout) in atypical locations 
for CPPD, such as the temporomandibular joint and digits. Most com- 
monly, the patients were older women who presented with a periarticu- 
lar mass or swelling with or without pain. In these cases of tophaceous 
pseudogout, clinical and radiographie evidence of CPPD crystal déposi¬ 
tion disease in any other joints is usually not présent. Radiographs hâve 
shown calcified lésions with a granular or fluffy pattern. Histologically, 
the lésions hâve shown small or large deposits of intensely basophilie 
calcified material containing needle-shaped and rhomboid crystals 
with weakly positive biréfringence characteristic of CPPD. Foreign body 
granulomatous reaction to the CPPD déposition was constantly found. 
Chondroid metaplasia in and around the areas of CPPD déposition has 


been commonly observed, sometimes with cellular atypia in chondro¬ 
cytes, suggestive of a malignant cartilage tumor. It is important to rec- 
ognize this rare form of CPPD crystal déposition disease and to identify 
the CPPD crystals in the calcified deposits and thereby avoid the misdi- 
agnosis of soft tissue chondrosarcoma (Fig. 12-56). 

EXAMINATION OF SYNOVIAL FLUID FOR CRYSTALS 

An important diagnostic procedure for the clinical diagnosis of 
crystal synovitis is examination of synovial fluid for crystals and 
identification of these crystals by polarized light microscopy. This 
examination requires a polarizing microscope with a compensating 
first-order red filter. With the red filter in position, the crystals in the 
synovial fluid should be aligned so that their long axis is parallel to 
the line drawn on the compensating filter, which is the axis of slow 
vibration (Fig. 12-57). 



FIGURE 12-56 A, Clinical radiograph of the great toe of an elderly female with a history of a painful mass over a prolonged period of time.This was initially 
diagnosed as a soft tissue chondroma or calcified bursa. Grossly (B), it was found to be formed mostly of a chalky white material. On microscopie examination 
(C), deposits of calcium pyrophosphate with a histiocytic and giant cell reaction were présent (H&E, x 10 obj.). In many areas (D), there was a cartilaginous 
matrix associated with the lésion (H&E, x 25 obj.). 
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FIGURE 12-57 The light is first passed through a polarizing filter, which 
is usually oriented east to west.The polarizing filter will lie somewhere 
between the light source and the object being examined.The analyzing 
filter will lie between the object being examined and the observer, and 
usually, the analyzer is oriented north south. A refractile body will usually 
show maximum refraction when the axis of the body is oriented at 45 
degrees to the axis of the polarizing filter and the analyzing filter. When 
the axis of the body being examined is either parallel to or at right angles 
to the orientation marks on the polarizing filter, it does not refract, and 
these points are called the extinction points. The use of a first-order red 
compensator filter enables the observer to distinguish between positive 
and négative biréfringence. 


Sodium urate (goût) 



FIGURE 12-58 This illustration shows the effect of rotating a crystal of 
calcium pyrophosphate dihydrate or sodium urate through 90 degrees. 

With the crystal lying at 45 degrees to the orientation line on the polarizing 
filter, and parallel to the orientation line on the first-order red compensator 
filter, the calcium pyrophosphate dihydrate crystal appears faintly blue.This 
appearance is described as weakly positive biréfringence. However, when the 
crystal is observed perpendicular to the orientation line, rather than parallel 
to the orientation line, it appears pale yellow. In the case of sodium urate, 
when the crystal is parallel to the orientation line it appears bright yellow, 
and this appearance will be called strong négative biréfringence. When the 
crystal is perpendicular to the orientation line of the first-order compensator 
filter, it appears bright blue. 

joint spaces may eventually lead to a destructive arthropathy, char- 
acterized on radiographie studies by a narrow joint space, carti¬ 
lage destruction, bone érosion, multiple juxta-articular cysts, and if 
the lésion has progressed over a long period of time, osteophytes 
(Fig. 12-62). Radiographs may also reveal a peculiar juxtaepiphyseal 


Sodium urate crystals are usually needle shaped and exhibit 
strong négative biréfringence, that is, they appear bright yellow 
when aligned parallel with the line on the compensating filter. CPPD 
crystals are usually rhomboidal and they exhibit weakly positive 
biréfringence, that is, when their long axis is aligned with the line on 
the compensating filter, they appear blue and much less bright than 
urate crystals (Fig. 12-58). It is important to remember that when 
a crystal is oriented at 90 degrees to the line on the compensat¬ 
ing filter, it will appear the opposite color to which it appears when 
parallel. Furthermore, the shape of the crystal may be misleading, 
because pyrophosphate crystals are occasionally needle shaped, and 
urate crystals may be broken up into short, squared-off fragments 
(Figs. 12-59 to 12-61). 

HEMOPHILIA 

Hemorrhage into a joint space, resulting in a hot, painful, and swol- 
len joint, is a commonly observed clinical complication of hemo- 
philia. These bloody joint effusions can be precipitated by even 
minor trauma or stress, and typically involve the knees, elbows, 
and ankles. Chronic, even subclinical, bloody effusions into the 



FIGURE 12-59 Tissue removed from a patient with calcium pyrophosphate 
dihydrate déposition disease.The crystals are needle shaped rather than 
rhomboidal; however, they are only weakly biréfringent (polarized light, 
x 50 obj.). 
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FIGURE 12-60 Multiple short pièces of crystalline material are seen in 
aspirated fluid. Despite their shape, these are sodium urate crystals (x 100 obj.). 



FIGURE 12-61 A, Photomicrograph to show goût and calcium 
pyrophosphate dihydrate déposition disease in the same specimen: goût on 
the left with calcium pyrophosphate dihydrate déposition disease stained 
dark blue on the right (H&E, x 10 obj.). B, Polarized light: goût on left, 
calcium pyrophosphate dihydrate déposition disease on right (x 10 obj.). 

osteoporosis (Fig. 12-63). Bleeding into the periosteum sometimes 
gives rise to a large, eccentric pseudotumor (Figs. 12-64 and 12-65). 

Chronic hemarthrosis due to hemophilia or other bleeding 
diatheses is characterized by copious iron déposition and a mark- 
edly hyperplastic synovium (Fig. 12-66). The hyperplasia and 
hemosiderin déposition are usually limited to the synovial lining 
cells, although proliférative changes in the subsynovial capillary 
bed may be dramatic. On the basis of gross examination of the syn¬ 
ovium, the differential diagnosis may include RA, pigmented vil- 
lonodular synovitis, and hemochromatosis. However, microscopie 
examination of the synovium in hemophilia-related destruc¬ 
tive joint disease does not reveal the striking lymphoplasmacytic 



FIGURE 12-62 Radiograph of the left knee of a hémophilie patient who had 
destructive arthritis of both knees, with marked juxta-articular osteopenia. 



FIGURE 12-63 Latéral radiograph of a young patient with hemophilia. Note 
the osteoporosis of the epiphyses, irregularity of the articular margins, and 
squaring-off of the patella. 

infiltrate that characterizes RA, nor is there the nodular proliféra¬ 
tion of mononuclear and giant cells characteristic of pigmented 
villonodular synovitis (although on occasion these two conditions 
may be confused, even microscopically) (Fig. 12-67). 
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A characteristic finding in joints affected by chronic hemor- 
rhage is a brown-green-black discoloration of the articular carti¬ 
lage, which may be mistaken at surgery for ochronosis. Microscopie 
examination of the cartilage often reveals widespread necrosis of the 
chondrocytes, as well as hemosiderin deposits in the chondrocytic 
lacunae (Fig. 12-68). However, no iron pigment is seen in the extra¬ 
cellular matrix. 



FIGURE 12-64 Sagittal section through a knee with intra-articular 
hemorrhage and massive joint destruction obtained from a case 
of hemophilia. 



FIGURE 12-65 Radiograph of a large pseudotumor secondary to a 
subperiosteal hemorrhage in the distal fémur of a hemophiliac. 



FIGURE 12-66 Photograph of synovium removed from the knee of a patient 
suffering from hemophilia. The staining with hemosiderin is apparent as a 
mahogany color. Also apparent is the papillary prolifération of the synovial 
lining. 



FIGURE 12-67 A, Photomicrograph of hémophilie synovium demonstrates hemosiderin déposition both within the synovial lining cells and in the chronically 
inflamed and fibrotic subsynovial tissue (H&E, x 10 obj.). B, Photomicrograph of another field stained by the Gomori iron stain to demonstrate the distribution 
of iron in the tissue (x 10 obj.). 
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FIGURE 12-68 A, Photograph of the articular surface of the tibial plateau excised from a patient with hemophilia. Attached to the joint margin is a heavily 
pigmented papillary synovium. The articular cartilage has a greenish black discoloration. B, Photomicrograph of the articular cartilage to show hemosiderin 
déposition within the chondrocytes of hémophilie cartilage (Gomori iron, x 50 obj.). 


Disc Disease and 
Spinal Arthritis 



Christian Georg Schmorl (May 
1861-August 1932). Schmorl studied 
medicine in Leipzig and Freiburg. After 
qualifying, he trained in pathology at 
the pathological institute in Leipzig. 
Schmorl was appointed Professor in 
1903. He attracted students from ail 
over the world and became known 
universally for his book on histopatho- 
logical methods, which went through 
15 éditions. Having written one of the 
early descriptions of myelofibrosis, in 
the last years of his life he devoted his 
time to studies of spinal disease, which 
he continued after retirement. While 
performing an autopsy, he contracted 
septicemia to which he succumbed 
on August 14, 1932. His book, The 
Human Spine in Health and Disease , 
was published shortly after his death. 
(Reproduced by permission from the 
Sâchsische Landesbibliotek, Staats 
und Universitàtsbibliotek Dresden, 
Dresden, Germany.) 


Jacques Forestier (July 1890- 
March 1978). Born in Aux-les Bains 
to a medical family, Jacques Forestier 
together with his father introduced 
gold therapy for the treatment of 
rheumatoid arthritis. He was an inter¬ 
national rugby player and took part in 
the 1921 Olympics. A founding mem- 
ber of ligue contre le Rheumatism, he 
became the European president. He is 
remembered especially for his work on 
spondylitis. (From Kersely GD: Obitu- 
ary, Dr. Jacques Forestier. Ann Rheum 
Dis 1978;37:388, with permission from 
BMJ Publishing Group, Ltd.) 
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The vertébral column plays a central rôle in static and dynamic 
motor functions; it supports the head, shoulders, and arms, as well 
as the thoracic and abdominal contents, transmitting their weight 
to the pelvis. In addition the vertébral column protects the spinal 
cord and nerves, provides sensory orientation, and participâtes in 
the locomotion of the entire body. Each component of the vertébral 
column—vertebrae, intervertébral dises, muscles, and ligaments— 
contributes in different ways to its biomechanical function. 

Because the spinal column contains more than 130 articulations, 
including both the solid intervertébral dises and the synovial joints 
of both the posterior articular processes and the vertébral articula¬ 
tions of the ribs, many pathologie conditions that affect the spine are 
arthritic; some processes affect the dises, whereas others, such as 
rheumatoid arthritis (RA), affect the diarthrodial joints. In general 
however, both the joints of the vertebrae and those of the arches are 
eventually involved. 

This chapter discusses the different types of dise tissue displace¬ 
ment, degenerative arthritis, inflammatory arthritis, and finally, the 
ankylosing spondyloarthropathies. 


Displacement of Disc Tissue 


The intervertébral dise comprises a central nucléus pulposus con- 
sisting mainly of water and proteoglycan, which is confined within 
an annulus of obliquely oriented collagen fibers (see Chapter 1). 
Because water is incompressible, loads are transmitted hydrody- 
namically from one vertebra to the next through the cartilage and 
bony end plates, while radial forces are absorbed through the ten¬ 
sion in the fibers of the annulus (Fig. 13-1). 

The appearance of the dise alters with âge. The dise of the young 
adult, with its bulging mucoid nucléus pulposus, dense collagenous 
annulus fibrosus, and well-defined cartilaginous end plates, can be 
clearly differentiated from that of the elderly person, with its shrunken, 
yellowed, and dehydrated appearance (Figs. 13-2 and 13-3). 

If it is assumed that normal intradisc pressure exists in the stand¬ 
ing position, then it has been estimated that a 5% forward tilt of the 


FIGURE 13-2 Transverse section through the L1-2 dise from an adolescent. 
Note the clear démarcation between the bulging mucoid nucléus pulposus 
and the peripheral laminated annulus fibrosus. 





FIGURE 13-1 Schematic drawing of the forces acting through the vertébral 
body and intervertébral dise. Compressive forces are transmitted through a 
central layer of hyaline cartilage interposed between the nucléus and bone, 
whereas tensional forces generated in the annulus are transmitted to the bone 
through Sharpey's fibers attached at the bony periphery beyond the cartilage. 


FIGURE 13-3 Transverse section through the lumbar dise of a 70-year-old 
patient. There is no clear distinction between the annulus and the shrunken, 
dehydrated nucléus. 

spine increases the pressure by about 25%. Sitting may increase it by 
about 40%, but lying supine reduces it by about half. Forward flex¬ 
ion of the spine may increase the intradiscal pressure by as much as 
400%, demonstrating the importance of lifting with bent knees and 
a straight back (Fig. 13-4). 

In general, acute displacement of the dise tissue following injury 
is a disease of young people in their third and fourth décades. 
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FIGURE 13-4 Schematic drawing showing the percentage change in load on 
the lower lumbar dises according to body position. The standing position is 
taken as the reference point (based in part on the original work of Dr. Alt 
Nachemson). 


It is less likely to occur or to cause significant compromise of the 
neural canal or foramen in an older individual in whom dise tis- 
sue, especially the nucléus pulposus, is shrunken and dehydrated. 
Displacement of dise tissue (usually the nucléus pulposus) from 
the intervertébral dise space may occur anteriorly, posterolater- 
ally, superiorly, or inferiorly (Fig. 13-5). (Posterior displacement 
is generally postérolatéral because of the firm attachment of the 
posterior longitudinal ligament to the annulus of the dise. This 
is in distinction to the anterior longitudinal ligament, which is 
firmly attached to the vertébral body and only loosely attached to 
the dise.) 

Displacement of dise tissue anteriorly produces spondylosis 
deformans, whereas displacement posterolaterally produces pres¬ 
sure on the nerve roots or encroachment on the contents of the spi¬ 
nal canal. Displacement superiorly or inferiorly, into the adjacent 
vertébral bodies, will lead to the development of Schmorls nodes. 






FIGURE 13-6 Schematic drawing illustrating the different types of 
disc-tissue displacement: protrusion, prolapse, extrusion, and séquestration. 



FIGURE 13-5 Schematic drawing showing the several directions in which 
disc-tissue displacement may occur: anteriorly, posteriorly, superiorly, or inferiorly. 


The different forms of displacement include protrusion, prolapse, 
extrusion, and séquestration (Fig. 13-6). Protrusion is a bulging of 
the nucléus pulposus through a weakened annulus fibrosus, usually 
in a posterior or postérolatéral direction; prolapse is a rupture of the 
nucléus pulposus through the annulus but not through the poste¬ 
rior or anterior longitudinal ligament; extrusion is a rupture of the 
nucléus pulposus through both the annulus and the ligament, usually 
the posterior longitudinal ligament; séquestration is a fragmentation 
of the extruded segment, occasionally with displacement of the free 
fragment into the spinal canal and often to a site removed from the 
point of rupture (Fig. 13-7). The inclusive general term “dise her- 
niation” may describe either prolapse, protrusion, or extrusion. For 
displacement of the nuclear tissue to occur, there must be prior trau- 
matic lacération of the annular fibers, which is usually associated 
with both torsion and compressive injuries resulting from the sud- 
den application of load, frequently the resuit of incorrect lifting of a 
heavy weight. 

Anterior protrusion (spondylosis deformans) is the most common 
form of disease seen both radiographically and at autopsy. By the âge 
of 50, it is présent in at least 50% of women and more than 60% of 
men; it is more likely to occur in people engaged in heavy physical 
labor. The lumbar spine is most commonly affected. Spondylosis 
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FIGURE 13-7 A, In this sagittal magnetic résonance imaging scan, severe degenerative change can be seen at the level of L4-L5. Behind the body of 
L2 is a large bean-shaped mass displacing the cauda equina. B, Cross-sectional imaging of the mass behind L2. C, Low-power photomicrograph of the material 
removed from the spinal canal at the level of L2 (H&E, x 1 obj.). D ( Higher power reveals scar tissue and intermixed degenerated dise tissue (H&E, x 4 obj.). 
(Courtesy of Dr. Benjamin Hoch.) 





CHAPTER 13 DISC DISEASE AND SPINAL ARTHRITIS 307 




Alternating fibrous layers 
of the annulus fibrosus 

Lacération of Sharpey’s 
fibers at their entry into 
the bone 


- Vertébral body 


FIGURE 13-8 Polarized photomicrograph showing the early development of spondylosis deformans, taken at the junction of the annulus fibrosus, subchondral 
bone, and anterior longitudinal ligament. At the insertion of the annulus into the bone is a linear tear through Sharpey's fibers, providing a route for the 
herniation of nuclear material.The defect is partially filled with reparative fibrocartilage (polarized light, x 1.5 obj.). 


deformans is initiated by tears that occur anteriorly in the periphery 
of the annulus, where the collagen bundles attach to the vertébral 
bodies by Sharpeys fibers (Fig. 13-8). This leads to anterior hernia¬ 
tion of nuclear dise tissue and is potentiated by weight bearing and 
by spinal motion. Because the anterior longitudinal ligament has 
only weak attachments to the annulus, continuous tearing of these 
attachments by prolapsed dise material stimulâtes the development 
of beak-like bony outgrowths or spurs from the adjacent vertébral 
bodies (Fig. 13-9). 

Postérolatéral displacement is found at autopsy in approximately 
50% of older individuals, mostly in the lumbar région of the spine. 
The basis for posterior dise displacement are small tears that accu- 


mulate in the annulus of the dise as a resuit of the injuries result- 
ing from daily activities. These clefts, especially the radial ones, 
pave the way for displacement of the nucléus pulposus after acute 
trauma (Fig. 13-10). Disc material removed at the time of surgery 
usually displays evidence of degeneration, fraying of the collagen 
tissue and cellular necrosis, together with regenerative clones of 
chondrocytes; occasional granulation tissue and reparative fibro¬ 
cartilage (Fig. 13-11). In general, it seems that chondrocyte prolifér¬ 
ation in displaced dise material is much more prominent in younger 
subjects. 

Displacement of dise tissue posteriorly and posterolaterally often 
causes clinical symptoms, depending on the amount of dise tissue 



FIGURE 13-9 A, Photograph of a sagittal section of a lumbar spine with spondylosis deformans at the L4-5 dise space, and an anterior traction osteophyte, 
compared with the levels above. B, A specimen radiograph. 
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FIGURE 13-10 A, Photograph of an L4-5 dise in cross-section after injection of contrast medium into the nucléus pulposus. Note extension of the dye 
posterolaterally. It is dissecting between the dise and the posterior longitudinal ligament, which appears to be intact. There is a bulging that results in an 
impression upon the dura, with narrowing of the intervertébral foramen (latéral recess). B, A computed tomography scan of the same specimen demonstrates 
the postérolatéral bulging. C, Schematic drawing. 


displaced and its proximity to neural structures. The typical clinical 
présentation is that of nerve root compression with radiating pain, 
which results from an immédiate acute inflammatory response to 
the displaced dise tissue. After a period of bed rest, there is régres¬ 
sion of edema and inflammation, and the pain usually subsides. 
Later récurrence of pain may resuit from further displacement of 
dise tissue or from scarring, which is sometimes accompanied by 
calcification and ossification. (The relative infrequency of osteo- 
phyte formation in the posterior aspect of the vertébral body is 
due to the firm attachment of the dise to the posterior longitudinal 
ligament.) 


Herniation of dise substance through the cartilaginous end plate 
into the adjacent vertébral body leads to the formation of Schmorls 
nodes. These herniations, which are in most people probably trau- 
matic in origin, extend for variable distances into the cancellous bone 
of the adjacent vertébral body. The clinical significance of Schmorls 
nodes is that as dise tissue escapes into the vertébral bodies, the 
intervertébral dise becomes degenerated and thinned, thus causing 
displacement of the facet joints leading to osteoarthritis (OA) in those 
joints. Rarely when they are large and symptomatic, Schmorls nodes 
may be misdiagnosed radiologically as tumors, and histologically mis- 
diagnosed as chordoma or a cartilaginous tumor (Fig. 13-12). 


















FIGURE 13-11 A, Photomicrograph of tissue removed at surgery from a herniated intervertébral dise. Note the irregular fibrillated matrix of the nucléus 
pulposus, which appears to be largely necrotic but has foci of proliferating cartilage cells characterized by intense basophilie staining (H&E, x 4 obj.). B, With 
extruded dise tissue, there is often an inflammatory response, as shown in this photomicrograph. The inflammatory granulation tissue will contribute to the 
nerve root compression (H&E, x 10 obj.). 



FIGURE 13-12 A, Photograph of a segment of spine removed at autopsy demonstrates herniation of the intervertébral dise into the adjacent vertébral body. 
Such herniations are commonly found at the autopsy and are known as Schmorl's nodules. B, Specimen radiograph of A. C ( Photomicrograph of Schmorl's 
node (H&E, x 4 obj.). D ( At a higher magnification the cellularity of the cartilage could, in a clinical setting that had suggested a tumor, be misinterpreted as 
chondrosarcoma (H&E, x 25 obj.). (C & D Courtesy of Dr. Howard Dorfman.) 
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Degenerative Arthritis 


OSTEOCHONDROSIS 

Osteochondrosis is a clinical term used to describe the pathologie 
changes that occur in the intervertébral dise and in the adjacent 
bone of the vertébral bodies as a resuit of disruption in the région of 
the end plate of the dise. 

Following disruption of the cartilaginous end plate, the other 
dise components exhibit rapidly progressive degeneration, with 
focal necrosis, fissuring, radial or circumferential tearing in the 
annulus fibrosus, and replacement of normal dise tissue by fibrous 


tissue. Large horizontal clefts may develop in the central part of 
the dise tissue and can be seen on clinical radiographs, where 
they are often referred to, incorrectly, as the vacuum phenom- 
enon (Fig. 13-13). 

Disc calcification is common. However, apatite crystal depos- 
its can be easily overlooked in sections prepared with hema- 
toxylin and eosin staining (Fig. 13-14). Calcium pyrophosphate 
dihydrate déposition disease (CPPD) is a frequent finding in sur- 
gical specimens both of dise tissue and in the ligamentum flavum 
(Fig. 13-15). 

As dise degeneration progresses, with subséquent narrow- 
ing of the dise space, formation of new bone takes place around 




FIGURE 13-13 (A) Photograph of a sagittal section through L3-5 of a 72-year-old man. Note severe dise degeneration, along with irregularity of the end plates 
and adjacent sclerosis of the bone. B, Specimen radiograph of the portion of spine illustrated in A. Note the radiolucent line within the dise, which corresponds 
to the cleft seen in the gross photograph. This line is usually referred to by radiologists as the vacuum phenomenon. 



FIGURE 13-14 Photomicrograph showing focal pericellular calcium apatite 
deposits in the right hand third of the field (H&E, x 10 obj.). 



FIGURE 13-15 Photomicrograph of fragments of intervertébral dise tissue 
obtained at surgery, demonstrating islands of calcium pyrophosphate crystal 
déposition (H&E, x 4 obj.). 
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the periphery of the dise, at the junction of the annulus and the 
vertébral body resulting in marginal osteophytes. Ossification also 
occurs within the dise as a resuit of endochondral ossification of the 
cartilaginous end plate, contributing to narrowing of the dise space 
(Fig. 13-16). After vascular invasion, progressive breakdown of the 
dise tissue contents will lead to their résorption. Frequently, the 
final stage of the résorption process is a spontaneous bony fusion of 
adjacent vertébral bodies. 

SCHEUERMANN'S DISEASE 

Scheuermanns disease, also known as juvénile kyphosis, has its clin- 
ical onset in adolescence. It is characterized by an abnormal increase 
in the dorsal convexity of the thoracic spine (Fig. 13-17). 

A hereditary component is involved in the development of the 
condition, but the mode of inheritance is as yet unclear. Reports of 
identical radiologie changes in monozygotic twins and of transmis¬ 
sion over three générations supports inheritance, and in a study by 
McKenzie and Sillence, 12 probands were referred, and upon radio¬ 
logie examination of their parents and siblings, seven were shown to 
hâve familial Scheuermanns disease with an autosomal dominant 
pattern of inheritance. Of the remaining five probands, four had 
chromosomal anomalies. 

Although the pathogenesis of the disease is unknown, it is gener- 
ally believed to be initiated by an abnormality in the development 
of the cartilaginous end plate. Latéral radiographs are most help- 
ful in clinical diagnosis and classification. Anterior wedging of the 
thoracic vertebrae is characteristic, and irregularities of the verté¬ 
bral end plates constitute a prominent feature (Fig. 13-18). Schmorls 
nodes are characteristic, and narrowing of the intervertébral dise 
space occurs in the late stage of the disease. Concomitant with these 



FIGURE 13-16 Photograph of a sagittal section through a portion of the 
macerated osteoporotic spine of an 83-year-old woman. Ossification extends 
into the dise space. Such ossification may eventually occlude the space 
entirely, resulting in fusion. In addition, note fractures through the inferior 
end plates and the associated bony sclerosis. 



FIGURE 13-17 Clinical photograph of a 16-year-old boy with adolescent 
kyphosis. In this case, significant thoracic kyphosis has occurred as a resuit of 
Scheuermann's disease. (Courtesy of Dr. David S. Bradford.) 


changes is an increase in the thoracic kyphosis (beyond 40 degrees). 
The apex of the curve is usually around T7 to T9. 

Characteristic anatomie findings in Scheuermanns disease 
include intervertébral dise narrowing and irregularly thinned car¬ 
tilaginous end plates, with focal atténuation through which her- 
niations of the intervertébral dise tissue extend into the adjacent 
vertébral body (Fig. 13-19). Narrowing of the dise is usually more 
pronounced anteriorly than posteriorly, possibly resulting in inter¬ 
férence with growth of the vertébral ring epiphysis. 

SPONDYLOSIS (OSTEOARTHRITIS OFTHE SPINE) 

The term spondylosis embraces the clinical disease resulting from 
degenerative dise disease (osteochondrosis), together with the 
associated vertébral osteophytosis, ligamentous disease, facet joint 
disease, and accompanying neurologie complications. Among mid- 
dle-aged patients, it is one of the greatest single causes of morbidity. 
Anatomie evidence of OA of the spinal articulations is rare in sub- 
jects younger than 30 years of âge. However, after the âge of 45 years, 
OA becomes more common and is found at autopsy in more than 
80% of spines from older individuals. 

In the normal spine, the facet joints carry between 12% and 25% 
of the load. However, in the presence of dise narrowing from osteo¬ 
chondrosis, the load on the facet joints may increase to as much as 
70%. Such excessive loads lead to the initiation of degenerative joint 
disease in the facet joints. The morphologie features of OA that are 
seen in other diarthrodial joints (i.e., capsular laxity, synovitis, carti¬ 
lage fibrillation, cartilage loss with eburnation of the exposed bone, 
and marginal osteophyte formation) are ail présent in facet joint dis¬ 
ease (Fig. 13-20), and it is likely that facet joint disease is a significant 
cause of low back pain. 

Degenerative spondylolisthesis, the displacement of a verté¬ 
bral body on the one directly below it, results from degeneration 
of the facet joints, which, in turn, is caused by narrowing of the 
intervertébral dise space. The end resuit of degenerative spon¬ 
dylolisthesis is stenosis of the spinal canal (Fig. 13-21). Although 
spondylosis can occur in any spinal segment, it most often affects 
the more mobile segments of the spine (the cervical and lumbar 
segments). 

Because the cervical portion of the vertébral column possesses 
the greatest mobility and has the greatest susceptibility to functional 
stress and trauma, cervical spondylosis is very common and is often 
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FIGURE 13-18 Latéral radiograph of a 13-year-old female with Scheuermann's kyphosis. Note the wedging of the vertebrae at the apex of the curve and the 
irregularities of the end plates. 


debilitating (Figs. 13-22 and 13-23). Vertébral artery insufficiency 
is yet another potential complication that results from osteophytes 
impinging on the vertébral artery within the transverse foramina of 
C2 to C6. This complication is usually compounded by the presence 
of atherosclerotic vascular disease. 

Lumbar spondylosis occurs most often in men and particularly 
affects the lower lumbar spine, where it represents one of the most 
common causes of low back and leg pain. Lumbar dise degeneration 
follows a chronic course, with repeated injury playing a precipitating 
rôle. These degenerative changes cause alterations in the size and shape 
of the vertébral canal and its latéral recesses, resulting in the devel¬ 


opment of spinal stenosis and subséquent nerve root compression 
(Fig. 13-24). The clinical manifestations include sciatica and/or isch- 
emia of the cauda equina, with pseudo-(neurogenic) claudication. 

NEUROPATHIC (CHARCOT'S) SPINE 

Trauma to the articulations, with their ultimate destruction, may 
occur as the resuit of impaired perception of pain or of propriocep- 
tion (neuropathie arthropathy). Tabes dorsalis (neurosyphilis), diabè¬ 
tes, syringomyelia, paraplegia, peripheral neuropathy, and congénital 
indifférence to pain, as well as intra-articular steroid injections, are 



FIGURE 13-19 A, Photograph of a sagittal section through the thoracic 
spine removed from a young patient with Scheuermann's disease. Note 
the multiple end-plate irregularities as well as herniation of the dise tissue 
into the adjacent vertébral bodies. B, Specimen radiograph. Note the open 
vertébral ring apothesis. 



FIGURE 13-20 Sagittal section through L4-5 of a 79-year-old man shows 
severe narrowing of the facet joint, with associated subchondral sclerosis 
and osteophyte formation. Note the associated dise narrowing, posterior 
vertébral osteophytes, and latéral recess stenosis. 
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FIGURE 13-21 Latéral radiograph of the lumbar spine of a 58-year- 
old woman with back pain and pseudoclaudication. At L4-5, there is 
spondylolisthesis secondary to degenerative dise diseases. Note the 
narrowing of the spinal canal at that level. There is also severe dise 
narrowing at L2-3. 


FIGURE 13-23 A macerated préparation of the cervical spine in a 
74-year-old woman is shown externally in latéral view. Note the marginal 
osteophytes, which affect ail of the facet joints. 



FIGURE 13-22 Photograph of the anterior oblique view of the macerated 
cervical spine of a 77-year-old woman. There is marked osteophyte 
formation of the uncovertebral joints, particularly in the lower cervical région. 
Note encroachment of the osteophytes on the intervertébral foramina, 
particularly at C5-7. 



FIGURE 13-24 Posterior oblique view of the lumbar spine of an elderly man, 
revealing severe facet joint arthritis. Note the exubérant marginal vertébral 
osteophytes with their irregular, serrated margins. 
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FIGURE 13-25 A, Radiograph of the pelvis and 
thoracolumbar spine in a 30-year-old man with 
congénital syphilis. There is severe bilateral hip 
disease, and in the lumbar spine, at the level of 
L2-3, there is mild latéral subluxation. B, The 
lumbar spine and pelvis in the same patient 
seen 11 years later. At L2-3, there is severe 
destruction and collapse of the bony éléments, 
with displacement and large productive 
osteophyte, characteristic of a Charcot joint. 



considered étiologie factors in the development of neuropathie 
arthropathy. In patients with tabetic arthropathy of the periph- 
eral joints, 10% to 15% also hâve involvement of the lumbar spine 
(Fig. 13-25). In advanced cases, the spine may exhibit extensive dise 
destruction, with sclerosis and fragmentation of the vertébral bodies 
and massive osteophytosis. Histologie features include marked joint 
destruction, with bone débris in the synovial tissue and many loose 
bodies—changes similar to those seen in Charcots joints elsewhere 
(Fig. 13-26). 


Inflammatory Arthritis 


RHEUMATOID ARTHRITIS 

Approximately 60% to 70% of ail patients with RA develop symptoms 
and signs relating to the cervical spine. Pain is the most common 



FIGURE 13-26 Photomicrograph of tissue obtained from around a Charcot 
joint. Fragmented bone and fibrocartilage is embedded in a chronically 
inflamed granulation tissue (H&E, x 10 obj.). 


symptom; however, vertebrobasilar artery insufficiency may also 
occur, leading to transient blindness, vertigo, loss of consciousness 
and occasionally, sudden death. Radiographically, bone érosion and 
apophysial joint space narrowing are common, and may be foliowed 
by fibrous ankylosis and occasionally by bony ankylosis (Fig. 13-27). 
Erosions of the odontoid process secondary to inflammation of the 
transverse ligament occur in one third of patients with RA. As a resuit 



FIGURE 13-27 Latéral radiograph of the cervical spine of a 50-year-old 
woman with rheumatoid arthritis. Note the fusion of the facet joints in C2 
through C6. There is narrowing of the spinal canal at the level of C1-2 due 
to anterior displacement of the atlas. The entire spine is ostéopénie. 
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FIGURE 13-28 A, Computed tomography (CT) scan of the base of the skull in a woman with rheumatorid arthritis and reports of transient épisodes of loss of 
consciousness.The tip of the odontoid is protruding into the skull and is displaced posteriorly with respect to the atlas. B, Magnetic résonance imaging scan of 
the same patient shows an encroachment of the odontoid on the medulla oblongata. C, CT sagittal reconstruction shows the displacement of the odontoid. 


of such érosions, three major complications may occur: fracture of the 
odontoid after minimal trauma, disappearance of the odontoid if the 
érosion is severe enough, or atlantoaxial subluxation or basilar invagi¬ 
nation (Figs. 13-28 and 13-29). 


In the rheumatoid patient, it is important to recognize that sec- 
ondary infections are also common, especially with the use of ste- 
roids and other immunosuppressive agents, and it is not unusual for 
such infections to be clinically silent. 



FIGURE 13-29 Photograph of the base of the skull, superior aspect, in a 
patient with rheumatoid arthritis who died suddenly in a minor automobile 
accident. The odontoid process protrudes through and narrows the exit of the 
foramen magnum. 


INFLAMMATORY SPONDYLOARTHROPATHIES 

Inflammatory spondylitis might also be seen in patients who test 
négative for rheumatoid factor. Many of these patients hâve sys- 
temic disorders such as psoriasis or inflammatory bowel disease. 
The spondyloarthropathies are linked by common genetics (human 
leukocyte antigen [HLA] class-I gene, HLA-B27) and a common 
pathology (enthesitis). Characteristically, the distribution and mor- 
phology of séronégative conditions are different from those of RA. 
Whereas in rheumatoid disease, the lésions are most obvious in the 
cervical région, in the séronégative spondylitidies, sacroiliitis and 
involvement of the lumbar and lower thoracic spine are more com¬ 
mon. Osteoporosis is not usually seen, and in marked contrast to 
rheumatoid disease, there is bony prolifération and occasionally 
intra-articular osseus fusion. 


Ankylosing Spondyloarthropathies 


ANKYLOSING SPONDYLITIS 

Ankylosing spondylitis (AS) is the most prévalent of the spon¬ 
dyloarthropathies and primarily affects white men in their late 
adolescent or young adult years. Approximately 1% to 2% of ail 
people who are positive for HLA-B27 develop AS, and this inci¬ 
dence increases to 20% if they hâve a first-degree relative with the 
condition. The onset of the disease is usually insidious, and its 
manifestations may evolve clinically in one of three patterns: in 
the axial skeleton, chiefly in the lumbar and sacroiliac joints; in 
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the peripheral large joints, predominantly in the hips, knees, and 
heels, especially among adolescents; or initially as récurrent iritis, 
aortic valvular disease, fatigue, and other systemic features, with- 
out obvious arthritis (Fig. 13-30). The spinal disease may eventu- 
ally progress in an ascending fashion to involve the thoracic and 
cervical vertebrae, along with other axial articulations such as the 
ribs, resulting in a marked restriction of chest expansion. Either 
transient or chronic involvement of the peripheral joints has been 
reported in 50% of cases, especially in the hips and knees, but the 
small joints of the hands and feet are not commonly affected. The 
natural course of the disease is usually characterized by slow pro¬ 
gression without periods of remission. Laboratory findings char- 
acteristic of the disease might include an elevated érythrocyte 
sédimentation rate (ESR), mild hypochromie anémia (in less than 
one third of cases), and elevated levels of sérum créatinine phos- 
phokinase (CPI<) of muscle origin, which is seen in about one third 
of patients. Examination of the spine at autopsy of a patient with 
end-stage AS reveals fusion of the facet joints and intervertébral 
dises, resulting in a rigid, immobile vertébral column with accentu- 
ated kyphosis. However, ossification of the paravertebral ligaments 
is not a prominent feature (Fig. 13-31). 



FIGURE 13-30 Anteroposterior radiograph of the lower lumbar spine, pelvis, 
and hips of a man with advanced ankylosing spondylitis. Note generalized 
osteoporosis with fusion of the spinous process, intervertébral dises, sacroiliac 
joints, and symphysis pubis, and severe concentric degeneration with partial 
fusion in both hips.Thus, the entire skeletal unit has been transformed into 
one continuous osseous mass. 



FIGURE 13-31 A, Black and white photograph 
and (B) specimen radiograph of sagittal sections 
through segments of the vertébral column of 
a patient with ankylosing spondylitis. There is 
complété fusion of the spine with ossification 
of the intervertébral dises and the facet joints; 
note, too, the accentuated kyphosis with loss of 
lumbar and cervical lordosis.The deformity at 
the junction of the cervical and thoracic spine is 
due to a previous fracture. Closer images 
(C and D) show complété fusion of the 
apophyseal joints, as well as fusion across 
the intervertébral dise spaces. In this sagittal 
section through the lumbar spine, fusion of 
the intervertébral dise spaces is apparent. 

The paravertebral ligaments are spared, both 
anteriorly and posteriorly. (This is in marked 
contrast to ankylosing hyperostosis of the spine 
seen in Figure 13-32.) 
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FIGURE 13-31 —CONTD E ( Photomicrograph of a lumbar dise and 
adjacent vertébral bodies, taken from the upper part of (C), shows severe 
osteoporosis of the vertébral bodies. Fusion is mainly confined to the 
intervertébral dise, mainly in the région of the annulus (H&E, x 1 obj.). 


ANKYLOSING HYPEROSTOSIS OFTHE SPINE 

Ankylosing hyperostosis of the spine, also known as Forestiers 
disease or diffuse idiopathic skeletal hyperostosis (DISH), is an 
ankylosis of the vertébral column resulting from ligamentous ossi¬ 
fication without significant dise disease or facet joint involvement. 


In Figure 13-32, an advanced stage of the disease is demonstrated, 
and in Figure 13-33, the earlier stages before complété fusion of 
the syndesmophytes. The diagnostic radiographie criteria include 
the presence of focal spinal ankylosis, intact vertébral end plates, 
normal intervertébral dise height and, most important, flow- 
ing ossification of the anterior longitudinal ligament at a least 
four contiguous vertébral bodies, especially along the right side 
of the thoracolumbar région. Absence of facet joint and sacroil- 
iac joint sclerosis and fusion differentiates the disorder from AS. 
Approximately one third of the older adult population has anky¬ 
losing hyperostosis at necropsy, more than half of these showing 
end-stage disease. Men are more commonly affected than women. 
The thoracic spine is involved twice as often as the lumbar spine, 
which, in turn, is involved twice as often as the cervical spine (Fig. 
13-34). Dysphagia may be associated with cervical disease in some 
patients. Both fluoride intoxication as well as excess’ vitamin A 
intake are believed to favor the development of DISH. Calcaneal 
spurs are found radiographically in about 90% of individuals with 
DISH, and occasionally, ossification at other tendinous insertion 
may be présent. 

A peculiar variant of cervical ankylosing hyperostosis has been 
described, particularly in the Japanese literature, in which ossifica¬ 
tion of the posterior longitudinal ligament occurs, sometimes lead- 
ing to cord compression (Figs. 13-35 and 13-36). 

In patients who hâve undergone total hip replacement, a 
higher incidence of hétérotopie bone formation after surgery has 
been found in patients with pre-existing ankylosing hyperostosis 
(Fig. 13-37). 



FIGURE 13-32 A, Photograph of a sagittal section through a segment of midthoracic and lower thoracic spine demonstrates ossification of the anterior 
longitudinal ligament, with conséquent ankylosis of the anterior segment. Note that the dise spaces are relatively normal. B, In the same specimen, 
macerated, a thick plate of bone is seen lying along the anterior cortices of the vertébral bodies and extending in front of the intervertébral dises, like 
a layer of armor plating. C, Radiograph of the macerated specimen shows ossification of the anterior longitudinal ligament with intact vertébral end 
plates. 
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FIGURE 13-33 Radiograph of the lumbar spine to demonstrate various FIGURE 13-35 Photograph of a sagittal section through the cervical spine, 

stages of syndesmophyte formation in a patient with diffuse idiopathic which demonstrates both ossification of the anterior longitudinal ligament 

skeletal hyperostosis. Note that the facet joints are open. (diffuse idiopathic skeletal hyperostosis [DISH]) and severe ossification of the 

posterior longitudinal ligament (OPL). 



FIGURE 13-34 Latéral radiograph of the cervical spine of an elderly FIGURE 13-36 CT scan of the upper cervical spine of a patient with 

male who complained of difficulty in swallowing.There is an irregular ossification of the posterior longitudinal ligament and encroachment 

severe anterior hyperostosis, which is largely the resuit of ossification of on the cervical canal. After minor trauma, this patient presented with 

the anterior longitudinal ligament, typical of diffuse idiopathic skeletal myelopathy. 

hyperostosis. Neither the dise spaces nor the facet joints appear fused 

and the bone is not ostéopénie, thus ruling out a diagnosis of ankylosing 

spondylitis. 
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FIGURE 13-37 A, Postoperative radiograph of a 65-year-old man following total hip replacement 3 years previously. Total bony ankylosis of the joint from 
ectopic ossification is seen. B, A latéral radiograph of the lumbar spine shows the anterior cortical hyperostosis and nonmarginal syndesmophyte formation 
typical of ankylosing hyperostosis (diffuse idiopathic skeletal hyperostosis). 




Tissue Response to 
and Complications 
of Orthopaedic 
Implants 


John Charnley (1911-1982). “There 
is a tendency to imagine that serious 
research nowadays can only corne out 
of a laboratory, and the contributions 
from the pure act of thinking on clinical 
facts ended with the great clinicians of 
the past . . . to foster the habit of mak- 
ing clinical observations and questioning 
accepted beliefs ought to start from the 
earliest moment.” (John Charnley, 1961). 
(From Wroblewski BM: Professor Sir 
John Charnley [1911-1982]. Rheumatol- 
ogy 2002;41:824-825. Reprinted by per¬ 
mission of Oxford University Press.) 


Michael A.R. Freeman (EFFORT Pres¬ 
ident 1993-1995). Certainly one of the 
outstanding intellects in orthopaedic sur- 
gery of my génération. Freemans estab¬ 
lishment of a department of biomechanics 
in Impérial College London, together with 
S.A.V. Swanson in the early 1960s, has had 
a lasting impact on orthopaedics world¬ 
wide. He served as president of the Brit- 
ish Orthopaedic Association and was the 
first president of the European Fédération 
of National Associations of Orthopaedics 
and Traumatology. He is seen in this pho- 
tograph wearing the presidential badge. 
(Courtesy of Dr. Peter Walker.) 


Usual Tissue Response to Clinically Nonfailed 
Articular Implants, 326 

Tissue Responses Around Noninfected, Clinically Failed 

Articular Implants, 331 

Cemented Implants, 326 

Cemented Implants, 332 

Noncemented Implants, 326 

Noncemented Implants, 332 

Morbidity Associated with Total Joint Replacements, 327 

Métal in Tissues, 333 

Local Complications, 327 

Polyethylene in Tissues, 334 

Tumors and Pseudotumors, 329 

Methylmethacrylate in Tissues, 334 

Systemic Complications, 331 

Silicone Rubber in Tissues, 335 


Ceramic in Tissues, 335 


















322 SECTION IV ARTHRITIS 


Foreign materials, introduced into the human body by accidentai 
trauma, hâve long been known to cause tissue damage and inflam¬ 
mation. Physicians, as a part of their therapy, also introduce foreign 
bodies in the shape of injected substances (corticosteroids, silicone, 
Synvisc), nails, screws, plates, drains and sutures manufactured of 
various metals, plastics, as well as organic materials, ail of which 
might became infected (Figs. 14-1 to 14-4). 

The détermination to design artificial replacements for damaged 
or diseased skeletal parts, especially in the form of joint prosthe- 
sis, has resulted in the search for materials that can be implanted 
into the body without causing a deleterious reaction. This search 
for compatible materials has a long history, and many materials 
hâve been used, including gold, animal bone, ivory, and in the early 
attempts at joint replacement, lucite (Fig. 14-5). 



FIGURE 14-1 Photomicrograph demonstrates a foreign body reaction to 
Gortex fibers used in a blood vessel implant (H&E, x 10 obj.). 



FIGURE 14-2 Photomicrograph demonstrates a foreign body reaction to 
Collagraft used in ligamentous reconstruction (H&E, x 4 obj.). 



FIGURE 14-3 The therapeutic injection of Synvisc into joints sometimes 
results in a histiocytic and giant cell response, as seen here in low power 
(A) and higher power photomicrographs (B) (H&E, x 4 and x 10 obj., 
respectively). 



FIGURE 14-4 A, Photomicrograph to demonstrate two large fragments of 
bone wax in tissue (H&E, x 10 obj.). B, Polarized light. 

Until the middle of the last century, the use of inorganic materi¬ 
als was restricted mostly to dentistry, although métal had been used 
for the internai fixation of fractures (Fig. 14-6). With the advances 
in artificial replacement of the hip joint by Charnley in the late 
1950s, the use of metals and plastics by orthopaedic surgeons vastly 
increased. Millions of arthroplasties hâve been performed world¬ 
wide, and in the United States alone, it has been estimated that more 
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FIGURE 14-5 A Judet type prosthesis manufactured of lucite, which had 
been in place for many years before removal was deemed necessary. 

than 500,000 such procedures, including hips, knees, and other 
joints, are performed each year. Despite the success of the proce¬ 
dures, complications are eventually seen in about 10% of patients in 
the form either of loosening of the implanted part, which accounts 
for the majority of complications, or less commonly, infection. The 
major focus of orthopaedic research and development has been 
directed toward reducing this morbidity. 

Prostheses for replacement of large joints, such as the hip and 
knee, often employ métal for the convex side of the joint (ceramic 


has also been used for this purpose) and high density polyethyl- 
ene, with or without a métal backing, for the concave side of the 
joint. Polymethylmethacrylate (PMMA) is usually used as a grout- 
ing material to secure fixation (Fig. 14-7). This material is prepared 
from a mixture of liquid monomer, together with beads of fully 



FIGURE 14-7 In this photograph, the components of a total hip replacement 
are seen to be well attached to the bone. A layer of cernent is interposed 
between the prosthesis (the plastic acetabular component and the métal 
stem of the fémoral component) and the bone to obtain a close, optimally 
immobile, fit of the prosthesis. Loosening of the prosthetic parts is a 
significant cause of failure in arthroplasty. 




FIGURE 14-6 A, Photomicrograph shows a screw 
track in a fémoral head.The thread is outlined by a 
thin layer of bone and fibrous tissue (H&E, x 1 obj.). 

B, A higher magnification of the boxed area in A shows 
the délicate fibrous cushion that has formed between 
the screw and its bony support (H&E, x 4 obj.). 
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FIGURE 14-8 A, Scanning électron micrograph of the polymer beads and admixed barium sulfate powder. A liquid monomer is added to this mixture to make 
bone cernent (x 350 magnification). B, Histologie section of a piece of cernent reveals the 'two-phase' character of this material.The spherical objects are the 
microscopie équivalent of the bead-like polymer, and the material between is the polymerized monomer (unstained, x 25 obj.). 


polymerized PMMA, and a small amount of particulate radiodense 
barium sulfate (or, recently, zirconium), for imaging the cernent dur- 
ing postoperative follow-up (Fig. 14-8). Various metallic implants 
hâve been developed with porous surfaces to promote the ingrowth 
of bone and fibrous tissues into the prosthesis (Fig. 14-9). Implants 
of silicone rubber, which are not cemented in place, hâve been used 
for the small joints of the hand, wrist, and foot. 

Expérience indicates that there are essentially four types of 
responses in living tissues to implanted material: 

1. If the material proves to be toxic, the surrounding tissues 
are damaged and might undergo necrosis and incite a severe 
inflammatory response; 

2. If the material is nontoxic but is soluble, the surrounding tis¬ 
sues may remove and replace it; 

3. If the material is nontoxic and biologically relatively inactive, 
as is the case with most materials used in the manufacture 
of prostheses, a capsule of fibrous tissue is formed around it 
(Fig. 14-10); 

4. If the material is nontoxic but biologically active, a bond can 
form between it and the surrounding tissue. 

In general the metals and other inorganic materials that hâve been 
used in orthopaedic implants abrade, corrode, or dissolve to variable 
degrees after implantation, producing both particulate débris and 
ionized constituents. With the use of moving parts, the génération 
of particulate wear débris has been the cause of the greatest concern 
with respect to loosening of the prosthesis as well as possible cyto- 
toxic effects (Fig. 14-11). 

The cytologie effects of the different metals used in orthopae¬ 
dic implants, although minimal, are varied. In cell culture using 
murine peritoneal macrophages, Rae studied the effects of particu¬ 
late cobalt, chromium, molybdenum, nickel, titanium, and cobalt- 
chromium alloy on the release of lactate dehydrogenase (LDH) 
and the activity of glucose-6-phosphate dehydrogenase (G6PD). 
These investigations showed that cultures exposed to particulate 
molybdenum, chromium, or titanium did not produce élévations 
in extracellular LDH or réductions in intracellular G6PD. However, 
cultures exposed to particulate cobalt, nickel, or cobalt-chro- 
mium alloy produced élévations in LDH and réductions in G6PD. 
Alterations in G6PD activity may contribute to increased delayed 
infections because of an effect on the efficacy of the inflammatory 
response. The macrophages that ingested particles of chromium or 



FIGURE 14-9 Portion of a fémoral prosthesis covered with a layer of métal 
beads to provide for porous ingrowth. Fragments of attached bone and 
fibrous tissue are seen adhèrent to the beads. 


molybdenum showed no morphologie alterations, whereas those 
that ingested particles of cobalt or cobalt-chromium alloy showed 
shrunken cytoplasm and nuclear pyknosis. 

Although there is little evidence that the fully polymerized 
PMMA is toxic to host tissues, the monomeric form has been shown 
to hâve local and systemic toxic effects, which will be discussed later. 
It has been hypothesized that biomédical polymers as a group, and 
polyethylene in particular, are capable of significantly affecting mac¬ 
rophage activation and production of interleukin-1. 

In addition to their composition, the size, shape, and surface 
characteristics of implanted materials may hâve important effects 
on the surrounding tissue response (Lig. 14-12). 







FIGURE 14-10 A, Photograph demonstrating the appearance after a cylinder of inert métal had been implanted in skeletal muscle for 6 weeks. 

B, Photomicrograph of a histologie section prepared from the specimen in A shows a very thin fibrous membrane around the space that was occupied 
by the métal implant (H&E, x 4 obj.). 



FIGURE 14-11 A, Photograph of the articular surface 
of a removed fémoral component of a total hip 
replacement. This component, manufactured from 
titanium, shows severe burnishing of the articular 
surface especially superiorly. B, Photomicrograph of the 
synovial tissue surrounding the joint reveals extensive 
deposits of black metallic débris within the synovial and 
histiocytic cells (H&E, x 10 obj.). C, High-power view of 
the metal-filled histiocytes (H&E, x 50 obj.). 
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FIGURE 14-12 Scanning électron micrograph of the surface of a 
removed Silastic prosthesis showing gross irregularities and fragmentation 
(x 100 magnification). 


Usual Tissue Response to Clinically 
Nonfailed Articular Implants 


CEMENTED IMPLANTS 

At the time of initial fixation with PMMA, a rim of necrosis a few 
millimeters thick develops in the adjacent bone. It is likely that this 
rim of necrosis results from a combination of direct physical dam¬ 
age to the bone, including disruption of the local blood supply, heat 
generated during polymerization, and possibly a toxic effect of any 
residual monomer. This is followed by the ingrowth of granulation 
tissue and osteoclastic removal of damaged bone, which might be 
seen as early as 1 week after implantation. 

Implants recovered at autopsy show that securely fixed prostheses 
hâve a bone-cement interface of variable composition. Most of the 
interface consists of a thin fibrous membrane lying between the bone 
and the cernent, which is usually thicker at surfaces that are sub- 
jected to compressive forces, such as those on the acetabular side of 
the hip and the tibial side of the knee (Fig. 14-13). Histologically this 
membrane is composed of densely packed collagenized tissue that, in 
some areas, may show fibrocartilaginous metaplasia. Small amounts 
of fragmented cernent, macrophages, and chronic inflammatory 
cells may be présent in the membrane. Occasionally the membrane 
undergoes complété osseous replacement, so that bone cornes into 
direct contact with the cernent. (This is most likely to occur at the 
more vertically oriented surfaces.) 

The surface appearance of the cernent mantle varies according to 
the type of bone tissue with which it cornes into contact. In the fém¬ 
oral neck, where cancellous bone prédominâtes, the cernent mantle 
présents a nodular and papillary roughened surface, corresponding 
to the distribution of the bony trabeculae (Fig. 14-14). Distally in 
the fémoral shaft, the cernent cornes into contact with the cortical 
endosteal surface, which is relatively smoother. 



FIGURE 14-13 Photomicrograph showing the fibrocartilaginous membrane 
at the bone-cement interface of the acetabular component of a total hip 
replacement. Fragments of bone are présent in the fibrous membrane 
(H&E, x 4 obj.). 



FIGURE 14-14 Photograph showing the cernent mantle on a well-fixed 
fémoral component. Note the irregularity of the surface of the cernent where 
it would interdigitate with the surrounding cancellous bone. 

NONCEMENTED IMPLANTS 

The interface of a noncemented implant has a variable morphology. 
Along the more vertically oriented smooth surfaces of, for exam¬ 
ple, a Thompson-Moore prosthesis, the interface is composed of a 
dense, fibrous membrane that is usually a few millimeters thick. The 
collagen fibers in this membrane are oriented parallel to the implant 
surface (Fig. 14-15). Cellularity is sparse, and consists mostly of 
fibroblasts and occasional aggregates of chronic inflammatory cells 
associated with bone détritus. An ill-defined layer of cells resem- 
bling synoviocytes may be présent at the surface of the membrane in 
contact with the implant. Blood vessels are usually concentrated on 
the bone side and do not penetrate to the implant side of the mem¬ 
brane. Evidence of osteoclastic activity is not usually présent. 
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FIGURE 14-15 Photomicrograph of the fibrous membrane between the 
métal stem of a fémoral prosthesis and the bone. Note at the surface the 
parallel arrangement of the collagen fibers. Adjacent to the bone, there is a 
histiocytic and mild chronic inflammatory response (H&E, x 10 obj.). 


The interface membranes at horizontal implant surfaces differ 
from those at the vertically oriented surfaces. Along the weight- 
bearing surfaces of the implant, a thick layer of fibrocartilage devel- 
ops and is supported by a well-developed bony end plate that overlies 
cancellous bone. The fibrocartilage may be so well developed as to 
mimic the features of articular cartilage. A small amount of metallic 
débris may be seen in these membranes. 

The appearance of the tissue on an implant with a coated porous 
surface also dépends on the vertical or horizontal orientation of the 
bone-implant interface. In the vertically oriented régions, osseous 
tissue normally grows into the roughened surface of the implant 
without a well-defined intervening fibrous membrane (Fig. 14-16). 
On horizontal surfaces, a fibrous membrane is more likely to develop 
despite the roughened surface (Fig. 14-17). 


Morbidity Associated with Total Joint 
Replacements 


In recent expérience, the overall long-term failure rate for hip and 
knee replacements is around 5% to 10%. The most commonly repo- 
rted morbidities following joint replacement are listed in Table 14-1. 



FIGURE 14-16 Scanning électron micrograph showing bone ingrowth on a 
porous métal surface.The eut surface of the metallic stem is seen at the left of 
the picture with the overlying eut métal beads.The bone trabeculae can be seen 
interdigitating between the métal beads. (Magnification approximately x 50.) 


LOCAL COMPLICATIONS 
Infection 

The risk for orthopaedic device-related infection (ODRI) is less 
than 1% to 2%. However, the absolute number of patients with infec¬ 
tion continuously increases as the number of patients with implants 
grows. Treatment includes long-term antibiotics and implant 
removal. 

After implantation of a prosthetic device, ail surfaces of the 
implant are immediately coated with a layer of sérum proteins and 
platelets. The earliest and clinically the most important event is the 
race for the surface,’ a contest between tissue cell intégration and 
bacterial adhesion to that same surface. 

Adhérence of Staphylococcus aureus and other organisms to 
bioprosthetic materials is mediated by adhesion proteins such as 
fibronectin, fibrinogen, and so on. These communities of bacterial 
colonies enclosed in a self-produced polymeric matrix and adhèrent 
to an inert or living surface are known as biofilms. Bacteria in a bio¬ 
film exist in a slow-growing or starved State (i.e., stationary phase) 
and, consequently, are not easily killed by antibiotics. (It has been 
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FIGURE 14-17 A photograph of the under surface of the tibial component 
shows tan fibrous tissue overlying the porous métal surface. 


TABLE 14-1 Morbidity of Total Joint Replacements 


Time 

Morbidity 

Localization 

Early 

Intraoperative hypotension 

System ic 


Infection 

Local 


Nerve disorders 

Local 


Pulmonary embolism 

System ic 

Late 

Infection 

Local 


Aseptie loosening 

Local 


Hypersensitivity 

System ic 


Breakage of implant 

Local 


Lymphadenopathy 

System ic 


Tumors 

Local 


Pseudotumors 

Local 


suggested that coating the surfaces of métal pins and plates with sil- 
ver, which is known to hâve a potent broad-spectrum antibacterial 
activity, may lower rates of infection.) 

About 25% of infected cases occur within 4 weeks of surgery. 
Subacute infections (about 25% of infected cases) occur within 1 year. 
Late infection (about 50% of infected cases) develops after 2 years of 
pain-free use (Table 14-2). The most common pathogens in the acute 
infections are shown in Table 14-3. 

Because infection around an implant cannot usually be cured by 
antibiotic therapy alone, removal of the prosthesis and extensive local 
débridement may be required. No preoperative tests are consistently 
sensitive and spécifie for infection in patients who need a révision 
arthroplasty. The only consistent clinical finding is pain at the site of 
the implant. The érythrocyte sédimentation rate, C-reactive protein 
levels, and imaging studies results are highly variable. 


TABLE 14-2 Infection as a Complication of Total Joint Replacements 


Infection 

Time of Onset 
after Surgery 

Signs and 
Symptom s 

Représentative 

Microorganisms 

Early 

postoperative 

<2-4 weeks 

Persistent 
pain, fever, 
redness, 
swelling after 
surgery 

5. aureus, 

coagulase-negative 

staphylococci 

Subacute 

<1 year 

Insidious 

onset 

Coagulase-negative 
staphylococci, 
Propionibacterium 
species, anaerobes, 
5. aureus 

Late infection 

>2 years 

Fever, pain, 
redness, 
swelling after 
a long period 
of wellness 

Streptococci, 

5. aureus, 

gram-negative 

bacilli 


TABLE 14-3 Microorganisms Isolated from Orthopaedic Device-Related 
Infection 


Microorganism 

Percentage 

Coagulase-negative staphylococci 

20-25 

5. aureus 

20-25 

Polymicrobial 

14—19 

Gram-negative bacilli 

8-11 

Streptococci 

8-10 

Anaerobes* 

6-10 

Enterococci 

3 

Other 

10 

*Positive anaérobie culture dépends on transport media used in operating room and 
microbiological technique. 


MICROBIOLOGIC CULTURES 

The reference standard for diagnosing infection is the isolation of 
the responsible pathogen. However, in practice, microbiologie cul¬ 
tures are only moderately sensitive or spécifie for diagnosing an 
infected prosthesis. A very low inoculum, adhèrent bacteria, and the 
formation of small-colony variants of S. aureus may limit détection. 
Technical issues that can affect culture results include poor posi- 
tioning of the aspiration needle or the addition of local anesthetic to 
the inflamed joint fluid. 

Intraoperative cultures including tissue provide the most useful 
specimens for microbiologie cultures and are frequently used as the 
reference standard for diagnosing ODRI. Simple technical considér¬ 
ations, such as routine antimicrobial prophylaxis, delay in sending 
the specimens to the laboratory, failure to ask for anaerobe cultures, 
and sending early swabs instead of tissue, affect the ability to cul¬ 
ture and isolate the microorganism. It is advisable to send a mini¬ 
mum of three specimens to the laboratory. The implant, if available, 
should also be cultured. (Sonication may increase the sensitivity of 
the culture technique by dispersing adhèrent bacteria.) 

HISTOPATHOLOGY 

Intraoperative frozen sections facilitate the diagnosis of ODRI and 
help to distinguish true infection from contamination (Fig. 14-18). 
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FIGURE 14-18 A, At the time of révision, a frozen section of the inflamed synovium usually confirms the presence of infection, and in the case shown, there 
is a heavy infiltrate of inflammatory cells (H&E, x 4 obj.). B, At a higher magnification, both acute and chronic inflammatory cells are présent. On the superior 
surface there is a fibrinous exudate (H&E, x 25 obj.). 


The accuracy of the technique dépends on the expérience and train- 
ing of the histopathologist and the proper sampling of specimens 
from clinically inflamed tissue. Moreover, sampling errors may 
lead to false-negative results. The combination of two independent 
tests—histopathologie and microbiologie—allows a more accurate 
diagnosis and should be used as the current reference standard for 
diagnosing ODRI. 

Technical Failure 

Technical failure may be associated with malalignment of the implant 
and the placement of the methylmethacrylate cernent (Fig. 14-19). 
Improper cementing technique has been reported as the cause of 



FIGURE 14-19 Total knee replacement seen at necropsy. A large amount 
of cernent has extruded around the prosthetic parts. Such excess cernent 
is likely to break up and be ground between the articular surfaces, and will 
cause wear of the articulating surfaces of the artificial joint. The wear débris, 
together with the powdered cernent, will enter the synovial cavity and 
eventually be incorporated into the synovial membrane or, depending on the 
rate at which the débris is generated, by removal via the lymphatics. In joint 
replacement procedures, the use of cernent should be kept to a minimum, 
and any extruded cernent, particularly around the prosthesis, should be 
carefully cleared from the joint before closure. 


such diverse complications as pénétration of the médial wall of the 
acetabulum, obstruction of the small bowel caused by adhesions 
around a bolus of PMMA cernent, unilatéral urétéral obstruction, 
and postoperative hematuria. Other reported complications follow- 
ing total hip replacement include delayed irritation of the sciatic 
nerve, false aneurysm of the external iliac artery, formation of vari- 
ous fistulas, and progressive dyspareunia. 

Incorrect surgical alignment of the implant is a significant cause 
of fracture of the various components of the implant. 


Tumors and Pseudotumors 


Malignant Tumors 

In humans, a small number of primary malignant tumors hâve been 
reported in association with orthopaedic implants; however, the 
largest number of implant-related tumors hâve occurred in dogs 
(Fig. 14-20). Osteosarcoma, fibrosarcoma, and undifferentiated sar- 
coma are the most common types of tumor seen in both humans 
and the dogs. As of 2008, at least 48 cases of malignant tumor hâve 
been reported in patients who had undergone total hip or total knee 
arthroplasty (Fig. 14-21). 

Pseudotumors 

In the context of implant reactions, a pseudotumor is a space- 
occupying lésion resulting from the accumulation of particulate 
débris at or near the site of the implant. 

The problem of pseudotumor formation plagued the early expéri¬ 
ence of Charnley when he used Teflon for the acetabular component 
of his total hip replacements. The problem largely disappeared after 
the introduction of high-molecular-weight polyethylene. However, 
reports of extensive reactions to large amounts of polyethylene 
débris in both total hip and total knee arthroplasties, with subsé¬ 
quent loosening resulting from endosteal bone résorption caused 
by the mass effect of the accumulating débris and its accompanying 
cellular response of macrophages and giant cells, still continue to 
appear in the literature (Figs. 14-22 and 14-23). 

Pseudotumors in the bones of the wrist after replacement of 
carpal bones or joints by silicone rubber implants hâve also been 
reported (Fig. 14-24). 






FIGURE 14-20 A, Radiograph of the left tibia of a 13-year-old terrier dog previously treated by intramedullary nailing for fracture. One year la ter, a swelling 
appeared around the fracture site. B, Photomicrograph of the tumor shows an anaplastic ostéogénie sarcoma (H&E, x 25 obj.). (Courtesy of Dr. S.K. Liu.) 


FIGURE 14-21 A, Radiograph of a 53-year-old 
woman who underwent total joint replacement 
8 years previously for secondary osteoarthritis 
following congénital dislocation of the hip. Recent 
pain in the hip prompted radiographie examination, 
which revealed the periosteal reaction seen here. 

B, The resected specimen from the case illustrated 
in A shows a large tumor around the upper end 

of the fémur. (The prosthesis has been removed.) 

C, Photomicrograph of tissue obtained from the tumor 
shows an osteosarcoma (H&E, x 10 obj.). 
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FIGURE 14-22 Radiograph of the pelvis in a patient with total joint 
replacement of some years' duration. Recent pain prompted radiographie 
examination, which shows superior migration of the head into the 
polyethylene acetabular cup, and a lytic defect in the ilium. Histologie 
examination revealed an accumulation of polyethylene and cernent, with 
an associated histiocytic response. 

SYSTEMIC COMPLICATIONS 

Hypotension and Intraoperative Death 

Transient hypotension developing as a reaction to monomeric 
methylmethacrylate seems to be fairly common during the instilla¬ 
tion of methylmethacrylate; however, intraoperative death resulting 
from this complication is fortunately extremely rare. 

AUergy/Hypersensitivity 

Since the mid-1970s, attention has been drawn to the possibility that 
metals used in orthopaedic implants may induce a hypersensitivity 


reaction. However, the importance of sensitivity to metals in patients 
who receive metallic joint implants is not clear. In reports that suggest 
that hypersensitivity has a causative rôle in loosening, the implants 
had already failed clinically and the timing of development of the sen¬ 
sitivity was not known. Even when métal sensitivity can be proved, 
it may be dose dépendent and, therefore, may resuit from the loosen¬ 
ing rather than being its cause. Inflammation and necrosis, as will be 
discussed later, often accompany failure of an implant, and in these 
cases, the effects of hypersensitivity on the tissues may not be distin- 
guishable from other causes of inflammation. 

Tissue reactions due to hypersensitivity are difficult to evaluate 
histopathologically in implant sites because of surgical scarring and 
the small amount of inflammation usually présent in the tissues sur- 
rounding most types of implants during the early to intermediate 
postoperative time period. Hypersensitivity reactions may also be 
difficult to distinguish from low-grade infections, especially when 
the organism cannot be isolated. However, generally hypersensi¬ 
tivity reactions are characterized by a heavy lymphoplasmacytic 
response. 

Lymph Node and Pulmonary Spread 

Autopsy studies hâve shown that careful dissection of the lymph 
nodal draining sites of replaced joints and adéquate sampling of 
lung tissue usually reveals the presence of particulate débris orig- 
inating from the joint components, whether métal, plastic, or 
ceramic (Figs. 14-25 and 14-26). The significance of these findings 
is not known. 


Tissue Responses Around Noninfected, 
Clinically Failed Articular Implants 


Fatigue fractures at the implant-bone interface or in the metallic 
or plastic components, as well as wear and tear on the articulat- 
ing surfaces, are clear causes of failure of an articular prosthesis 
(Fig. 14-27). In this regard, the quality of the bone into which the 
implant has been inserted is clearly of importance. Osteoporosis or 
other metabolic disturbances of the bone tissue will significantly 
affect the strength of the bone-prosthesis interface. Alterations in 
geometry and mechanics that resuit from fatigue and wear in the 
components can, in turn, potentiate and accelerate the process of 
failure of the prosthesis. 



FIGURE 14-23 A, Section through the acetabulum of a dog several months after total hip replacement shows a juxta-articular tumor mass of yellowish gray 
tissue. B, Photomicrograph of a section through the specimen reveals large pink collections of fibrin, in which there was admixed cernent and polyethylene 
débris, surrounded by histiocytes and chronic inflammatory cells (H&E, x 1.25 obj.). 











332 SECTION IV ARTHRITIS 



FIGURE 14-24 A, Radiograph of the wrist of a patient following a Silastic replacement of the scaphoid. The large lytic defect in the lower end of the radius 
was found on microscopie examination to be secondary to a histiocytic and giant cell reaction to particulate Silastic. B, A lower power photomicrograph 
of the synovium surrounding a failed silicone polymer prosthesis. A markedly cellular histiocytic and giant cell reaction can be observed (H&E, x 10 obj.). 

C, A higher power view from the tissue shown in B.Within both the soft tissue and bone can be seen a bosselated inclusion of yellowish gray material. 

This microscopie appearance is typical of silicone breakdown, and similar inclusions may be found around silicone injections used in plastic surgery 
procedures (H&E, x 25 obj.). 


That being said, ail failed implants that hâve been cemented 
in place hâve particulate cernent in the surrounding bone and 
soft tissues. In addition, it is usually possible to find particulate 
polyethylene and metallic débris. 

CEMENTED IMPLANTS 

The surfaces of the cernent mantle in failed loosened implants are 
generally smooth, polished, and devoid of the surface irregularities 
that characterize the tight interlock with bone in stable implants. 
This smooth appearance is due to fragmentation at the unstable 
interface resulting in pulverization of both cernent and bone, which 
then accumulate in the surrounding tissues (Fig. 14-28). 

The most obvious feature observed after failure of a cemented 
implant is the presence of a thickened membrane around the cernent. 
This membrane may measure up to several millimeters in thickness; 


it usually has a granular surface and a grumous, friable consistency 
(Fig. 14-29). 

The microscopie features of the membrane include fibrosis, necro- 
sis, and infiltrâtes of macrophages and lymphocytes (Fig. 14-30). 
Macrophages are usually concentrated at the surface adjacent to the 
cernent and may form a layer that has been likened to a synovial lin- 
ing. Fibrosis is usually concentrated on the bone side of the mem¬ 
brane. Necrosis may be distributed throughout the membrane but is 
frequently close to the cernent side. 

NONCEMENTED IMPLANTS 

Aseptie loosened noncemented implants also develop a thickened 
membrane, which usually has a granular, roughened surface, and is 
friable and generally tan in color. There may also be régions of gray or 
black discoloration owing to métal débris. In our expérience, failed 
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FIGURE 14-25 A, Sections taken through enlarged para-aortic lymph nodes from a dog that had a total hip replacement some months previously. 

B, Microscopy of a section of a lymph node showing an increase in histiocytes, which when examined by polarized light (C), contain refractive material 
(H&E, x 4 obj.). D, Photomicrograph of one of the lymph nodes illustrated taken at a higher power shows a nodular collection of pale histiocytes 
(H&E, x 25 obj.). E, The same field, photographed with polarized light, shows refractive inclusions of polyethylene within the histiocytes. 


implants made of titanium usually hâve the blackest appearance. 
Microscopie examination shows the presence of variable amounts 
of necrosis, fibrosis, and cellular prosthetic débris infiltrâtes consist- 
ing mostly of macrophages. 

METAL IN TISSUES 

Metals are subject to Chemical corrosion in the body, which results 
in coarsely granular brown-black débris often seen around plates and 
screws. However, much more common are metallic particles produced 


as a resuit of wear at exposed articular surfaces and fractures of the 
metallic component of joint prostheses (Fig. 14-31). 

Microscopie examination of tissue sections from around métal 
implants, whether cemented or not, usually show sparse small, irreg- 
ular black fragments measuring from 1 to 3 pm in greatest dimen¬ 
sion. These fragments are opaque, but because of diffraction of light 
at their edges, they can be more clearly seen in polarized light. Many 
of the fragments are présent within macrophages. However, in cases 
in which a métal component has fractured; métal on métal compo- 
nents articulate with each other; or the prosthesis is manufactured 
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FIGURE 14-26 A, Photomicrograph demonstrates fine particulate débris in 
histiocytes within lymph nodes of a patient who had had a titanium implant 
(H&E, x 50 obj.). B, Examination with polarized light shows a bright reflective 
edge to the particles. 


of Ti-Al-V alloy; the metallic débris can also be seen free in the 
necrotic or fibrous tissue (Fig. 14-32). 

Ultrastructural studies demonstrate that many of the métal 
particles are in phagolysosomes and hâve a diameter of less 
than 0.5 pm, which is below the resolution of light microscopy 
(Fig. 14-33). The affected macrophages demonstrate a decrease 
in the endoplasmic réticulum and other distortions of cytologie 
ultrastructure. 


POLYETHYLENE INTISSUES 

Polyethylene débris is generated at the articulating surfaces by 
a number of mechanisms, including direct abrasion, three-body 
wear (often from entrapped particles of cernent as has been illus- 
trated in Fig. 14-27), and surface fatigue damage, which increases 
with time. 

Microscopie examination shows a cellular infiltrate of mac¬ 
rophages and giant cells, which may either hâve a granulomatous 
pattern or be a confluent dense sheet of cells suggesting a giant cell 
type of tumor. The polyethylene, in the form of variably sized shards 
of glassy, refractile material, can easily be overlooked in transmitted 
light. However, examination under polarized light will readily and 
sometimes dramatically demonstrate their presence (Fig. 14-34). 
The largest pièces may be surrounded by a layer of fibrous tissue 
(Fig. 14-35); the smaller pièces are surrounded or engulfed by giant 
cells and large mononuclear macrophages (Fig. 14-36). On occa¬ 
sion, many of the giant cells are seen to contain asteroid bodies’ 
(Fig. 14-37). 

Débris from a polyethylene component is usually concentrated in 
the immédiate vicinity of the component, in the synovial, pseudo- 
capsular structures, and the joint margin (Figs. 14-38 and 14-39). 
However, it may also be seen in small amounts deep within the bone 
and bone marrow (Fig. 14-40). 

Rarely, the polyethylene component may hâve been a composite 
of carbon filaments. In this case, it is possible to find fragmented 
carbon filaments in these tissues (Fig. 14-41). 

METHYLMETHACRYLATE IN TISSUES 

In histologie sections, methylmethacrylate is not seen because 
it dissolves in the solvents used to process tissues for paraffin 
embedding. In unstained frozen-tissue sections, however, the 
PMMA fragments are glassy and granular but are not biréfringent 
in polarized light (Fig. 14-42). In paraffin sections, the particles 
of PMMA instead appear as cleared-out spaces of widely variable 
size (Fig. 14-43). The largest spaces are lined with giant cells and 
are partially filled with granular material, which can be shown 
by energy dispersive analysis (EDAX) to contain barium sulfate 



FIGURE 14-27 A, The tibial components of total knee prosthesis show extensive wear and seuffing on the articular surfaces of the polyethylene components. 
The material generated by this wear process is taken up by the synovium and may cause a considérable synovial reaction. Significant wear results from 
fragments of cernent that are caught between the articular surfaces and ground into the polyethylene. B, Scanning électron photomicrograph shows cernent 
particles buried in the polyethylene surface of the tibial component (x 50 magnification). 
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FIGURE 14-28 Photograph showing the surface of the cernent mantle in a 
loose, failed prosthesis. Note the smooth, polished appearance, which should 
be compared with the rough surface of the well-fixed prosthesis shown in 
Figure 14-14. 



FIGURE 14-29 Photograph of the membrane lining the acetabulum in 
a patient with a failed prosthesis.The detached cernent is shown on the 
right-hand side of the photograph. Note the edematous and hyperemic 
appearance of the membrane. 


mixed with the PMMA to provide radiodensity (Fig. 14-44). Very 
finely particulate PMMA is probably responsible for the exten¬ 
sive collection of swollen histiocytes, without refractile material 
which are frequently présent around failed cemented prosthesis 
(Fig. 14-45). 

Over the past few years, barium in cernent as a contrast material 
has been replaced by zirconium, which may be prominent around 
failed prosthesis and easily mistaken for débris from a metallic com- 
ponent (Fig. 14-46). 



FIGURE 14-30 Photomicrograph showing the cellular response adjacent 
to cernent. The upper part of the picture shows granules of barium sulfate 
in the space formerly occupied by cernent. Immediately adjacent to that 
is a giant cell reaction, and between the cernent and the bone is a layer 
of foamy histiocytes with abundant granular éosinophilie cytoplasm 
(H&E, x 10 obj.). 



FIGURE 14-31 A, A synovial effusion aspirated from a patient with a 
metal-on-metal prosthesis may be turbid, giving the mistaken impression 
that one is dealing with an infection. B, Microscopie examination of 
the fluid fails to reveal polymorphonuclear leukocytes but does reveal 
many fragments of fine amorphous débris (x 100 obj.). C, Viewed under 
polarized light, the fragments from the specimen are seen to be refractive. 
This appearance results from refraction at the edge of the opaque métal 
particles. 


SILICONE RUBBER IN TISSUES 

The inflammatory response to silicone débris in tissue is moderate 
to intense, and consists of lymphocytes, plasma cells, eosinophils, 
macrophages, and foreign body giant cells. The silicone débris is 
bosselated, pale yellow, and faintly refractile but not biréfringent in 
polarized light. The particles range in size from 6 to 100 pm. The par¬ 
ticles are usually intracellular but may also be free in the extracellular 
connective tissues (Fig. 14-47). 

CERAMIC IN TISSUES 

The major feature of the reaction around a failed ceramic implant 
is the génération of a thickened membrane with necrosis, fibrosis, 
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FIGURE 14-32 A, A portion of synovial tissue removed from around a failed prosthesis manufactured of titanium. Note the intense black discoloration of the 
synovial membrane. B, Photomicrograph of a section taken through the synovium. Particulate black débris is seen both intracellularly and extracellularly in a 
chronically inflamed fibrous tissue stroma (H&E, x 4 obj.). C, Another field that also contains foci of cernent (H&E, x 10 obj.) and, on polarized light (D), can be 
seen to contain cernent, polyethylene, and métal particles. E, Energy dispersive analysis shows a significant peak for titanium (TiKa andTiKb). 

and macrophages similar to that seen in failure of the other types 
of implant. Small nonrefractile particles of débris, smaller than 
5 pm in size, are numerous within the membrane and hâve a gray 
black appearance. These particles are generally found within mac¬ 
rophages; foreign body giant cells are not usually seen. By EDAX 
analysis, the particles can be shown to contain both aluminum and 
Silicon (Fig. 14-48). 

There are at least three conséquences of the shedding of wear 
particles, from articulating implants, into the tissues. First, the 
total surface area of contact between the implant material and the 
biologie environment is enormously increased, thus facilitating 
the release of potentially toxic éléments. Second, wear particles 
of suitable size may be phagocytosed and, because the volume of 
phagocytes is much greater than the volume of ingested mate¬ 
rial, the process results in a space-occupying lésion (pseudotu- 
mor). Third, particles that hâve been ingested may be transported 
to sites remote from the implant, such as régional lymph nodes, 
lungs, and spleen, and may interfère with the functions of these 
Systems. 



FIGURE 14-33 Electron photomicrograph of synovial cells from a patient with 
a total hip replacement shows an accumulation of electron-dense material in 
phagolysosomes in the cytop las m. These dense particles are metallic (x 10,000). 
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FIGURE 14-34 A, Photomicrograph of a histologie section taken from 
the synovium of a patient with a hip prosthesis in which the acetabular 
component was made of polyethylene. In the transmitted light photograph 
shown here, the subsynovium is infiltrated by large numbers of histiocytes 
and some chronic inflammatory cells (H&E, x 10 obj.). B, On polarized 
light microscopy, the cells are seen to be filled with threadlike particles of 
refractive material, which are derived from wear of the polyethylene surface. 



FIGURE 14-36 Photomicrograph of a giant cell reveals fine threadlike 
particles of polyethylene within the cytoplasm (H&E, Nomarski, x 25 obj.). 



FIGURE 14-35 Photomicrograph demonstrates large pièces of polyethylene 
within the capsular tissue of a rapidly failing joint (H&E, partially polarized 
x 4 obj.). 
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FIGURE 14-37 Photomicrograph of a histiocytic and giant cell reaction to 
cernent and polyethylene, showing the presence of asteroid bodies in two of 
the giant cells (H&E, x 40 obj.). 
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FIGURE 14-38 Photograph of synovium removed from a failed prosthesis 
showing marked papillary prolifération of the synovium with focal 
hemosiderin staining. Microscopie examination of this tissue revealed a 
foreign body reaction to polyethylene and cernent débris. 



FIGURE 14-39 A, Photomicrograph of a section taken through the articular surface of a patella from a removed total knee replacement. In the subchondral bone, 
there is a tumorlike accumulation of cellular tissue (H&E, x 4 obj.). B, High-power view of the tissue seen in A. Note histiocytic replacement of the bone and 
bone marrow (H&E, x 25 obj.). 


(Continued) 
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FIGURE 14-39 — CONT'D C, Polarized light microscopy reveals highly 
refractive particles of polyethylene débris within the histiocytes and giant cells 
of the tissue. 



FIGURE 14-40 Photomicrograph of a small granulomatous mass in the 
marrow space at some distance from the site of a prosthetic implant (H&E, 
x 25 obj.). 



FIGURE 14-41 Photomicrograph demonstrating cylindrical fragments of 
carbon fiber in the tissue from a patient who had a carbon fiber-reinforced 
implant. The section also shows a fibroblastic and histiocytic response, 
which with polarized light reveals extensive polyethylene débris 
(H&E, x 25 obj.). 



FIGURE 14-42 Photomicrograph of a specimen of synovium eut by frozen 
section without the use of solvents demonstrates cernent in situ. Polymer 
balls are évident, and between these spheres, a finely granular yellow 
material is seen; the latter appearance results from the barium sulfate 
that is mixed with the cernent to render it radiopaque (H&E, Nomarski, 
x 25 obj.). 








FIGURE 14-43 Photomicrograph demonstrating a giant cell reaction around 
a large piece of cernent, which appears as an irregular space in the center 
of the photograph because the cernent itself has been dissolved by routine 
Processing methods.The small collection of granular material seen within 
the space is barium sulfate, which is mixed into the cernent to render it 
radiopaque (H&E, x 40 obj.). 




Dissolved cernent beads 
Barium granules 


FIGURE 14-44 Photomicrograph showing a space that had contained a 
large piece of cernent. The cernent has been removed in processing, but there 
is residual particulate barium (H&E, x 10 obj.). 







hiuuKt 14-45 a, motomicrograpn or tissue ootainea rrom arouna a Lucent cementea prostnesis 
B, At a higher magnification, there is no obvious foreign body giant cell reaction (H&E, x 40 obj.). 


FIGURE 14-45 A, Photomicrograph of tissue obtained from around a lucent cemented prosthesis shows abundant foamy histiocytes (H&E, x 10 obj.). 
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FIGURE 14-46 (A) Photomicrograph to show zirconium particles within the tissue (H&E, x 25 obj.). (B) Close-up of zirconium particles, which are distinguished 
by their opacity jagged edges and central clearing (H&E, x 50 obj.). 
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FIGURE 14-47 Photomicrograph demonstrates breakdown products from 
Silastic prosthesis.There is a histiocytic and giant cell response in a fibrous 
scar tissue. An asteroid body is seen within a giant cell center field (H&E, 
Nomarski, x 25 obj.). 



FIGURE 14-48 A, Photomicrograph of membrane adjacent to a failed ceramic prosthesis shows a gray-to-black discoloration of the tissue with secondary 
chronic inflammation and scarring (H&E, x 4 obj.). B, Photomicrograph of histiocytic response to ceramic. The ceramic particles are jagged in appearance and 
only faintly refractive (H&E, x 25 obj.). C, Energy dispersive analysis of the tissue shows peaks for aluminum and silica, consistent with ceramic (AlKa and SiKa). 







Bone Infarction 
(Osteonecrosis) 



Dallas Burton Phemister (1882-1951). He 

was born on a farm in Southern Illinois and 
was educated at Rush Medical College of the 
University of Chicago, beginning an associa¬ 
tion that was to be life long. It was during his 
advanced training in Vienna that he developed 
the absorbing interest of his career—the study of 
bone pathology. His work on bone growth and 
repair, infections, and avascular necrosis radi- 
cally altered the surgical care of patients with 
skeletal disorders. (From Ochsner A, Decamp 
PT, Landry RM: Dallas Burton Phemister 1882- 
1951. J Bone Joint Surg Am 1952;34:746-747. 
Reprinted with permission from The Journal of 
Bone and Joint Surgery, Inc.) 



Mary Catto (1924-). Her medical training 
was at Glasgow University, and in 1951, she 
joined the pathology department there, where 
she later was appointed Reader, a post she held 
until her retirement in 1989. She was respon- 
sible for establishing the Scottish bone tumor 
registry around 1961. Dr. Catto made lasting 
contributions to our understanding of bone 
pathology, particularly in the field of osteone¬ 
crosis. (From Heuck FHW: International 
Skeletal Society Book of Members. Berlin 
Heidelberg, Springer Verlag, 1989: 62.) 
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Tissue death (necrosis) results from one of five primary types of injury: 
(1) circulatory, (2) thermal, (3) toxic, (4) mechanical, or (5) radiation. 
When necrosis occurs secondary to a primary circulatory disturbance 
(arterial disease, embolism, or obstruction of the venous return), the 
résultant région of necrosis is referred to as an infarct. 

Bone death, in the form of a sequestrum, was first recognized as 
a complication of osteomyelitis. Later it came to be recognized that 
necrosis occurred as a secondary event following fracture and that 
in certain locations such as the hip, patella, and carpal scaphoid, the 
associated necrosis could be so extensive as to give rise to significant 
clinical complaints of nonunion or secondary arthritis. The occur¬ 
rence of bone infarcts in caisson workers and other divers who may 
get décompression sickness, as well as in patients with sickle cell 
anémia, Gauchers disease, and other hématologie disease, is now 
well recognized. 

Many infarcts involve the fémoral head or other convex articu- 
lar surfaces. However, infarction affects other bone sites, usually the 
metaphysis of a long bone or even, on occasion, a fiat bone. The lésions 
may be multiple and occasionally symmetrical. Most are asymptom- 
atic and are discovered as an incidental radiologie finding. 


The early stage of a bone infarct can be observed clinically 
only on magnetic résonance imaging (MRI) or at autopsy, where 
it appears as an elongated opaque pale yellow area with a hyper¬ 
émie border that is rather sharply demarcated from the surround- 
ing bones (Fig. 15-1). In the early stage, not enough time may hâve 
elapsed for changes in the architecture of the bone trabeculae to 
develop, and therefore, little if any change is seen on the radio- 
graph. Microscopically, large irregular spaces are seen in ischémie 
marrow fat, which resuit from breakdown of the walls of fat cells 
(Fig. 15-2). The bone trabeculae are nonviable, as evidenced by 
lacunae that do not contain stainable ostéocytes. However, the 
most obvious evidence of early infarction is seen in bone that con- 
tains hematopoietic tissue, since this tissue is extremely vulnérable 
to ischemia and the necrotic hematopoietic tissue is readily recog¬ 
nized (Fig. 15-3). 

With the passage of time, ingrowth of granulation tissue takes 
place at the periphery of the infarcted area, and a creeping sub¬ 
stitution of the nonviable cancellous bone by layering of new via¬ 
ble bone on the dead trabecular surfaces takes place. With a small 
lésion, total healing may occur; however in most cases, the healing 



FIGURE 15-1 A, Photograph of a sagittal section through the lower leg and foot of a 68-year-old man with multiple sclerotic lésions radiographically and 
a nonunion of a fracture of the tibia. The multiple areas of sharply demarcated chalky white, opaque tissue in the tibia, talus, and os calcis are the resuit of 
infarction. B, Close-up photograph of cancellous bone demonstrates a small focus of marrow and bone necrosis recognized by its opacity, yellowish white 
color, and failure to retract like the surrounding viable fatty marrow. 



FIGURE 15-2 A. Photomicrograph demonstrates early fat necrosis resulting from ischemia. There is breakdown of the walls of the fat cells, resulting in large 
irregular cystic spaces that are surrounded by foamy histiocytes and giant cells (FI&E, x 4 obj.). B, Higher power of the same tissue (FI&E, x 20 obj.). 
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FIGURE 15-3 Photomicrograph demonstrates necrosis of the hematopoietic 
marrow (left). Viable blue-staining marrow is seen on the right-hand side of 
the photograph. Necrosis of the marrow is the most obvious microscopie 
finding associated with bone necrosis (H&E, x 4 obj.). 



FIGURE 15-4 Photomicrograph to demonstrate calcium déposition in 
necrotic marrow (H&E, x 10 obj.). (If there is heavy calcium déposition, 
it may lead to an obvious increase in radiodensity on clinical radiographs.) 


process is aborted and a rim of highly collagenized connective tissue 
forms about the periphery of the lésion. This connective tissue wall 
generally becomes infiltrated with calcium salts (Fig. 15-4). 

Radiographs of lésions in the later stages of development hâve a 
typical appearance (Fig. 15-5). A moderately thick, radiopaque ser¬ 
pentine border may be observed, often outlining an elongated area 
of central relative radiolucency. (This appearance when in long 
bones has been likened to a coil of smoke.) In some cases, particu- 
larly in solitary lésions, radiographs may suggest a calcified enchon- 
droma. However, usually the foci of calcified matrix in an 
enchondroma or chondrosarcoma are discrète and scattered dif- 
fusely throughout the lésion, and the margin of the lésion is not so 
clearly outlined as with an infarct. Some lésions that hâve been inter- 
preted radiographically as bone infarcts may in fact represent calci¬ 
fied and cystified lipomas of bone (see Fig. 19-59). 

The occasional development in a bone infarct of a primary malig- 
nant tumor, usually a malignant fibrous histiocytoma, is a well- 
recognized complication and is referred to again in Chapter 18. 



FIGURE 15-5 In an extensive medullary bone infarction, seen here in 
the proximal humérus of a 36-year-old man with sickle cell disease, there 
is no endosteal scalloping of the cortex, such as might be seen with a 
chondrosarcoma; which is the most important radiologie differential 
diagnosis.The calcified area is surrounded by a thin, dense sclerotic 
margin—the hallmark of a bone infarct. 


Skeletal Manifestation of Décompression 
Sickness (Caisson Disease) 


Décompression sickness is the conséquence of the libération of 
gas bubbles (notably nitrogen) in the tissues and blood of subjects 
who hâve undergone rapid décompression after a period of expo- 
sure to a hyperbaric environment. In a subject who is exposed to 
a hyperbaric environment, greater amounts of the various gases, 
which go to make up the air we breathe, enter into solution until a 
State of saturation of the blood and tissues has been reached. The 
time required for saturation is not the same for ail tissues, and fat 
requires a much longer time before the saturation point for nitrogen 
is reached, because nitrogen is five times more soluble in fat than in 
water. If a person who has been in a hyperbaric (high-pressure) envi¬ 
ronment and whose blood and tissues are consequently saturated 
with the atmospheric gases passes from the hyperbaric environment 
too quickly to one of normal atmospheric pressure, then the various 
gases quickly corne out of solution. By ventilation, the body readily 
disposes of the oxygen and carbon dioxide. On the other hand, the 
excess of nitrogen, which has corne out of solution and which may 
form bubbles in the circulating blood can act as emboli, partially 
or completely blocking terminal vascular channels and giving rise 
to neurologie impairment. Because the accumulation of nitrogen is 
greatest in tissues rich in fat such as bone marrow, upon its release 
the pressure upon the régional blood vessels may obstruct the blood 
supply to the bone. 

The acute manifestations of décompression sickness are “the 
bends,” consisting of pain (most often in the knees) and injury to 
vital organs (e.g., central nervous System, heart, lungs) due to bub¬ 
bles of nitrogen arising or lodging in these organs. Organ damage 
may lead to permanent disability or even death. 
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FIGURE 15-6 A, A man who had worked as a caisson worker many years before presented with pain in the shoulder.The radiograph shows extensive areas of 
calcification within the medullary bone of the humerai head and metaphysis. B, Within his distal fémur, there is a similar area of linear calcification. C, Similar 
lésions are présent in both the anteroposterior and latéral views of the proximal tibia. 


The late effects of décompression sickness on the skeleton are the 
resuit of ischémie necrosis, and are observed particularly in bone 
sites rich in fatty marrow. Months or even years may elapse between 
the occurrence of the underlying bone infarction and the appear- 
ance of clinical and/or radiographie evidence of the bone necrosis 
(Fig. 15-6). 


Bone Infarctions Not Associated with 
Caisson Disease 


Single or multiple bone infarcts within long bones that are not asso- 
ciated with caisson or sickle cell disease are uncommon. 

Men and women are equally affected, and the average âge is 
around 50 years. Many of the patients hâve an associated diffuse 
connective tissue disease, which has usually been treated with corti¬ 
sone. In about two thirds of the cases, only a single bone is involved, 
whereas in the remainder multiple bones, often bilateral, are affected. 
The lésions hâve a prédilection for the upper end of the tibial shaft 
and the lower end of the fémoral shaft. 

In approximately one half of the cases, it appears reasonable to 
attribute the patients symptoms directly to the lésion. 

In 1915 Phemister described the microscopie findings in necrotic 
bone, comparing the changes in bone dying as a resuit of infection 
(septic necrosis) with those resulting from a circulatory interférence 
following fracture (aseptie necrosis). Later, he reported the histo¬ 
logie and radiologie changes seen in dead bone, and the reparative 
processes occurring around dead bone, coining the term creeping 
substitution for the process whereby the dead bone is replaced by 
a layer of living bone that is deposited onto the pre-existing dead 
bone. 


Osteonecrosis of the Fémoral Head 


Because the hip joint is a major focus of clinical orthopaedic inter¬ 
est, the bulle of the pertinent literature has centered on osteonecro¬ 
sis of the fémoral head. 

Early writers on necrosis of the fémoral head used the term asep¬ 
tie necrosis to stress the absence of infection. Later, the term avas- 
cular necrosis was applied because most of the recognized cases 
were associated with subcapital fémoral neck fracture, which would 
be expected to interrupt the blood supply to the fémoral head. 
Subchondral osteonecrosis without a history of fémoral neck frac¬ 
ture was considered unusual for a long time. 

The relationship between the occurrence of idiopathic (i.e., 
without a fracture) subchondral necrosis and steroid therapy 
or alcoholism was slowly recognized during the 1950s to 1960s. 
Although a circulatory disturbance is assumed to be the princi¬ 
pal primary mechanism of idiopathic necrosis in the bones, the 
location of the occlusion cannot usually be shown by anatomical 
dissection. 

Recently, as discussed in Chapter 11, it has become clear 
that some instances of acute-onset arthritic disease of the hip 
joint, particularly in elderly individuals, which until recently 
would hâve been regarded on the basis of history and MRI to 
be cases of primary osteonecrosis of the fémoral head, are due 
to subchondral fractures, often without any clear history of 
trauma. It was also thought at one time that most of that epon- 
ymous group of affections known as the osteochondritises, or 
osteochondroses, namely Kienbocks disease, Kôhlers disease, 
Freibergs disease, Osgood-Schlatters disease, osteochondri- 
tis dissecans, and so on were due to bone necrosis, but it has 
become increasingly clear that many of these lésions are also 
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the resuit of trauma, which was often répétitive, with a result- 
ing subarticular fracture. Necrosis is most probably the resuit 
of fracture, and therefore, a secondary phenomenon (Figs. 15-7 
to 15-10). However, in some cases, it may be difficult to know 
which came first, necrosis or fractures, and such a case is shown 
in Figure 15-11. 

At the présent time in our laboratory, of the more than 2000 
fémoral heads removed each year during total hip replace¬ 
ment procedures for nontraumatic causes, nearly 10% show 
evidence of subchondral avascular necrosis as the primary eti- 
ology. Approximately 60% of the cases diagnosed as idiopathic 
osteonecrosis hâve bilateral disease, and most of these patients 
hâve a history of either corticosteroid use or of increased alcohol 
consumption. 

Osteonecrosis as a secondary complication of osteoarthritis 
(OA) has been recognized grossly and confirmed microscopically 
in 38.2% of the fémoral heads diagnosed in our laboratory as hav- 
ing primary OA. The foci of secondary osteonecrosis were cat- 
egorized into two types based on shape, size and depth: a shallow 



FIGURE 15-7 Radiograph of the wrist reveals collapse of the lunate bone 
characteristic of Kienbôck's disease. 



FIGURE 15-8 Radiograph of the hindfoot of a child with collapse of the 
tarsal-navicular bone: Kôhler's disease. 


fiat lésion (médian axis 3 to 10 mm, depth 2 to 3 mm) with or 
without cysts (368 cases, 36.5%), and a deep, wedge-shaped large 
lésion (> 20 mm across and depth 10 mm) with or without cysts 
(17 cases, 1.7%). In the shallow fiat lésion, the âge ranged from 
25 to 88 years (average 66 years), the female-to-male ratio was 
4:5, and the location of osteonecrosis correlated best with the 
direction of migration in osteoarthritis (Fig. 15-12). In the deep, 
wedge-shaped lésion, the âge ranged from 56 to 92 years (average 
70 years), the female-to-male ratio was 9:5, and the location of 
osteonecrosis was similar to that found in primary osteonecrosis 
(Fig. 15-13). 

Fractures of the fémoral neck occur predominantly in elderly 
persons frequently following a trivial injury; however, they are occa- 
sionally encountered in children and young adults. In young sub- 
jects, a complété fracture of the fémoral neck may follow répétitive 
trauma and is likely to occur in young men undergoing basic mili- 
tary training or in other youthful subjects who are subjecting them- 
selves to exceptional physical exertion, for example, shin splints in 
young ballet dancers. 
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FIGURE 15-9 Radiograph of the forefoot of an adult showing collapse of the 
articular surface of the 2nd metatarsal: Freiberg's disease. 


A fracture of the fémoral neck is regularly followed by more 
or less complété ischémie necrosis of the fémoral head due to an 
interruption of its blood supply. However, even though the fémo¬ 
ral head becomes necrotic, a majority of fractures treated by inter¬ 
nai fixation unité with a Sound bony union, sometimes within a 
few months. During this period, the necrotic head is in most cases 
undergoing revascularization and repair (Fig. 15-14). 

Because the repair of the necrotic fémoral head usually lags 
behind the healing of the fracture of the neck, perhaps it is not 
surprising that collapse of the upper weight-bearing segment 
of the fémoral head constitutes a fairly common late complica¬ 
tion, occurring in more than 20% of the patients with intracap- 
sular fractures. This complication usually does not develop until 
about a year and a half after the occurrence of the fracture and 
sometimes is delayed for more than 2 years. The patient may 
hâve been ambulatory and free of pain for many months before 
the segmentai collapse of the fémoral head. However, the col¬ 
lapse results not only in pathologie incongruity of the articulat- 
ing surfaces and therefore a dysfunctional joint, but also pain, 
which is often severe. 



FIGURE 15-10 Latéral radiograph of a boy, showing disruption and 
fragmentation of the tibial tubercle: Osgood-Schlatter's disease. 


Staging of Osteonecrosis of the 
Fémoral Head 


In 1965, Catto published two classic papers describing in detail the 
destructive and reparative changes in subchondral avascular necrosis 
of the fémoral head following fracture. 

Four stages in the development of subchondral avascular necrosis 
were defined morphologically, and these four stages may be shown 
to correlate with the observed radiographie appearances: 

• Stage 1. Characterized predominantly by the presence of 
necrosis of both bone and bone marrow without evidence 
of repair. 

• Stage 2. Reparative processes are évident at the periphery of 
the necrotic région. 

• Stage 3. The major feature is segmentai collapse of the articu¬ 
lar surface. 

• Stage 4. Features of secondary OA hâve developed. 

It is important to recognize that the morphologie features of 
subchondral avascular necrosis are a composite of both necrotizing 
and reparative processes, and that at least some of the apparently 
degenerative features—for example, segmentai collapse in stage 
three—often may be the resuit of reparative processes. 

STAGE I 

In stage one, external examination of the joint shows no abnormali- 
ties, although an ill-defined focal yellow discoloration may be seen 
through the articular cartilage. On eut section of the fémoral head, 
a necrotic wedge-shaped région in which the marrow is dull, yellow, 
chalky and opaque, will be seen. This is generally in an immediately 
subarticular location extending for some distance into the under- 
lying epiphyseal bone. The région is usually well demarcated and 
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FIGURE 15-11 Sequential radiographs of a man older than 50 years of âge who received cortisone therapy for a chronic pemphigus vulgaris.The time 
interval between the first (A) and second films (B) is 8 months, and the time between the second and third films (C) is 2 years. The changes at the joint 
surfaces resulted from osteonecrosis secondary to cortisone therapy, although at first the radiologie changes were considered to be caused by tuberculosis. D, 
Radiograph of the shoulder taken about 1 year after his back problem shows collapse of the humerai head, which also proved to be secondary to subchondral 
avascular necrosis. 


separated from the surrounding bone marrow by a thin, red, hyperé¬ 
mie border (Figs. 15-15 and 15-16). The marrow beyond this border 
shows no spécifie abnormality referable to the necrotizing process, 
but may hâve an abnormal appearance depending on an associated 
or predisposing condition—for example, sickle cell disease with its 
dark red bone marrow, or Gauchers disease with its pale and waxy 
marrow. At this stage, changes in the trabecular architecture are not 
appréciable on specimen radiographs. 

On microscopie examination, the overlying articular cartilage is 
viable. The subchondral bone, corresponding to the opaque yellow 
région seen grossly, is characterized by necrotic bone marrow, which 
is granular, éosinophilie, and lacking in cellular éléments except for 
the occasional ghosts of disrupted fat cells. There may also be focally 
calcified lipid cysts (Fig. 15-17). In the bone, the osteocytic lacu- 
nae may be either empty, contain cellular débris, or hâve a ghost 
nucléus. 


At the margin of the infarct, there is increased osteoclastic activity 
with removal of necrotic bone as well as an infiltration of proliferating 
fibroblasts and capillaries (granulation tissue) into the necrotic mar¬ 
row. This zone corresponds to the thin red rim seen in the gross speci¬ 
men. Beyond the infarct and the hypervascular zone, the bone and 
bone marrow are unchanged and reflect the State of the tissue before 
the necrotizing event. 

STAGE II 

As in stage I, the articular surface appears intact (Fig. 15-18). However, 
on sectioning the fémoral head, a rim of bony sclerosis, best seen on 
specimen radiographs, can be identified at the boundary between the 
necrotic zone and the unaffected marrow (Fig. 15-19). 

On microscopie examination an advancing front of granula¬ 
tion tissue, composed of lipid-laden macrophages, proliferating 
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FIGURE 15-12 A section through an osteoarthritic fémoral head shows an 
irregular shallow linear area of osteonecrosis in the superior eburnated articular 
surface. 


FIGURE 15-14 A, Fémoral head excised from a patient approximately 
1 week after a subcapital fracture exhibits extensive bone necrosis. 

B, Specimen radiograph of A. 



FIGURE 15-13 A section through an osteoarthritic fémoral head shows a 
large wedge-shaped area of necrosis at the superior portion of the head. 


Stage I 


Bone trabeculae 

Dead tissue 

Ischémie zone 
Hyperemic zone 

Normal tissue 



fibroblasts, and capillaries is seen extending into the necrotic zone 
(Fig. 15-20). Following closely behind this clean up front is a second 
front where osteoblasts can be seen, depositing a layer of new bone 
on the pre-existing dead trabecular bone, called creeping substitu¬ 
tion (Fig. 15-21). 

The overall effect of these processes is to remove the necrotic 
marrow and bone while maintaining the structural integrity of the 
bone. The increased vascularity with osteoblastic activity and new 
bone formation give rise both to the clinical radiographie appear- 
ances of bony sclerosis at the margin of the infarct and to the 
increased uptake of radioactive technetium diphosphonate isotope 
on a bone scan (Fig. 15-22). 


FIGURE 15-15 Diagrammatic représentation of changes occurring in stage I 
subchondral avascular necrosis. 


STAGE III 

An obvious alteration in the shape of the articular bone is first 
encountered in this stage (Fig. 15-23). This disturbance in shape is 
the resuit of fracture either within the necrotic région or at the junc- 
tion of the necrotic bone and reparative tissue. It may be apparent 
on external examination of the bone as a buckling of the articular 
surface (Fig. 15-24). On sectioning the fémoral head fracture can 
be seen to occur most often either just below the articular bone 
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FIGURE 15-16 A, Section of a fémoral head with stage I osteonecrosis.The infarcted area clearly outlined by a wide hyperemic border. B, Specimen radiograph 
of A, there is no change in the bony architecture. C, Photomicrograph of the infarcted bone and bone marrow reveals the acellular nature of the tissue and 
large, fat cysts characteristic of infarcted bone marrow (H&E, x 10 obj.). 


Stage II 



New bone formation 
(creeping substitution) 



FIGURE 15-17 Calcification is sometimes a prominent feature in infarcted 
bone marrow and may on occasion give rise to increased density on 
radiographs (H&E, x 4 obj.). 


FIGURE 15-18 Diagrammatic représentation of the changes that occur in 
stage II subchondral avascular necrosis. 
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FIGURE 15-19 A, Photograph from a patient with stage II subchondral 
avascular necrosis shows a well-demarcated hyperemic border. A fine 
fracture line can be seen running through the necrotic bone dose to the 
articular surface. B, Specimen radiograph showing a line of bone sclerosis 
that corresponds to the zone of hyperemia seen in the gross photograph. 
At the inferior edge of the infarcted area, there is a small fracture involving 
the subarticular bone, resulting in a small step deformity in the articular 
surface. 



FIGURE 15-20 Photomicrograph demonstrates focal fat necrosis as well 
as fibroblastic and vascular prolifération at the margin of the infarcted area 
(H&E, x 10 obj.). 



- Core of dead bone 



FIGURE 15-21 In the process of healing an infarct of bone, a layer of living 
bone is deposited on the surface of the necrotic bone.This process, referred 
to as creeping substitution, gives rise to increased radiodensity at the healing 
margin of the infarct. Note the vascularized fibrous tissue in the adjacent 
marrow spaces (H&E, x 10 obj.). 



'Jjtr*. 


FIGURE 15-22 Scintigram of the pelvis of a patient with symptoms 
suggestive of subchondral avascular necrosis, but without radiographie 
changes, shows increased uptake of isotope in the affected fémoral head. 
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Stage III 


Articular fracture 



Crescent sign 


FIGURE 15-23 Diagram illustrating the associated tissue changes with the 
crescent sign in stage III subchondral avascular necrosis. 



FIGURE 15-24 Gross photograph of a fémoral head removed surgically 
after clinical signs and symptoms of avascular necrosis were detected. 

On the articular surface of the fémoral head, there is a linear dimpling of 
the articular cartilage, marking the site of an underlying fracture. 


end plate, (i.e., superficial) (Fig. 15-25) or on the necrotic side of the 
advancing sclerosis in the reparative front (i.e., deep) (Fig. 15-26). 

Fracture may be the resuit of the cumulative effect of micro¬ 
fractures induced by fatigue within the necrotic zone. On the other 
hand, it may be because of weakness of trabeculae in the reparative 
front because of increased osteoclastic résorption with interruption 
of trabecular continuity and associated inadequacy of repair bone. 
A focal concentration of stress, at the junction between the thick- 
ened sclerotic trabeculae of the reparative zone and the necrotic tra- 
becula, resulting from the bioengineering concept of stress risers, 
may be yet another cause (Fig. 15-27). 

STAGE IV 

The major feature of this stage is articular deformity. Depending 
on the degree of bone loss and the severity of the deformity, it 


may be no longer possible on clinical radiographs to recognize the 
initial events as those of subchondral avascular necrosis. In many 
cases, however, there is sufficient evidence on gross and micro¬ 
scopie examination to allow for proper diagnosis (Fig. 15-28). 

A frontal section of the fémoral head at this stage of subchondral 
avascular necrosis may show residual fragments of articular carti¬ 
lage and dense fibrous connective tissue in the area of infarction. 
The articular surface at the margin of the infarct will usually demon- 
strate a densely sclerotic eburnated articular surface (Fig. 15-29). 



FIGURE 15-25 A, Radiograph of a young patient who complained of 
sudden onset of pain in the hip. In this frog latéral view, although the joint 
space is normal, a crescentic lucent zone outlining the articular surface can 
be seen on the superior aspect of the fémoral head. This crescent sign is an 
early radiologie manifestation of avascular necrosis often best appreciated 
in the frog latéral view. B, Photograph of a slice taken through the fémoral 
head shows that the subchondral infarct is demarcated from the viable 
bone by a zone of hyperemia.The lucent crescent seen on the radiograph in 
A represents the space between the articular cartilage and the underlying 
infarcted bone. This results from collapse of the subchondral bone following 
fracture in the zone between the infarct and the underlying viable bone; the 
more elastic articular cartilage maintains its contour. 


(Continued) 
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FIGURE 15-25—CONT'D C ( Specimen radiograph of the slice shown in B. Again the crescent sign is clearly seen.The dense lucent line évident on the superior 
surface of the fémoral head is an image of the subchondral bone end plate and the calcified cartilage, which remain adhèrent to the articular cartilage after 
the collapse of the infarcted area. After collapse the articular surface probably springs back like a ping-pong bail, giving rise to this radiologie phenomenon. D, 
Photomicrograph of a histologie préparation of the fémoral head shown in B and C.The thickened trabeculae in the viable bone at the base of the infarct can be 
clearly appreciated (H&E, x 1 obj.). E, Photomicrograph at the margin of the subchondral crescent. F, The junction between the necrotic and viable bone; at the 
left of the picture, the thickened trabeculae of viable bone are évident. This thickening is the resuit of new bone déposition on the trabecular surfaces, which 
occurs as part of the healing of the infarct (H&E, x 4 obj.). 


Two useful dues to the diagnosis of subchondral avascular 
necrosis may be the absence of clearly eburnated bone at the articu¬ 
lar surface overlying the area of infarction, and the presence of bony 
and cartilaginous débris in the accompanying synovial and capsular 
tissue. When the changes of secondary OA are advanced, the only 
due that the initial event might hâve been subchondral avascular 


necrosis is that osteophytosis is less than expected and also that the 
fémoral head may hâve a deep, saddle-shaped deformity. 

In Figure 15-30 a rare case of an osteosarcoma is illustrated that 
was clinically mistaken for osteonecrosis of the hip. 

Most of the recent imaging criteria for staging hâve developed 
from Cattos classic description (Tables 15-1 and 15-2). 
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FIGURE 15-26 A, Photograph of a slice through a fémoral head showing an area of infarction, secondary to an intertrochanteric fracture, seen as a triangular 
opaque yellow area lying immediately beneath the articular surface. Also seen in this photograph is the track of the nail that was used for fixation of the 
fracture. B, Radiograph of the specimen shown in A. Note the unaltered trabecular pattern of the infarcted bone. (In contrast, the viable bone at the base of 
the infarct is dense, resulting from the formation of new bone in this area by the process of creeping substitution [see text].) The lucent area at the base of the 
infarction results from fibrous granulation and scartissue erodingthe necrotic bone. The collapse of the necrotic segment is well demonstrated by the fracture 
through the subchondral plate, which is seen at both edges of the infarct. 



î î 


FIGURE 15-27 Diagram demonstrating the effect of creeping substitution. 
Increased stiffening of the bone causes focal stress concentration at the 
junction between the existing bone and the sclerotic bone. When a bending 
force is applied to the bone, fracture is likely to occur at this point. 


Legg-Calvé-Perthes Disease 


Osteonecrosis of the fémoral head also occurs in children, usually 
between the âges of 5 and 9 years. The disease is more likely to affect 
boys, and in about 13% of patients, the condition is bilateral. In some 
instances, a familial prédisposition has been noted. 

Injection studies hâve demonstrated that the most important 
vessels supplying the upper fémoral epiphysis are the latéral epiphy- 
seal vessels. Because the growth plate of the fémoral head lies above 
the insertion of the capsule of the hip joint in children, the vessels 



FIGURE 15-28 Diagrammatic représentation of stage IV subchondral 
avascular necrosis. 


track along the surface of the neck of the fémur to enter the epiphy¬ 
sis above the growth plate. These vessels are therefore particularly 
vulnérable to interruption of blood flow by trauma or by increases 
in intra-articular pressure (Fig. 15-31). In Perthes disease, the isch¬ 
émie events may be episodic in nature and resuit from intermittent 
increased intra-articular pressure. 

One of the earliest radiologie signs of Legg-Calvé-Perthes dis¬ 
ease is widening of the joint space. This is probably caused by the 
cessation of endochondral ossification and résultant failure of 
cartilage to be converted to bone. On the radiologie film, the con- 
tinuous growth of the cartilage will be appreciated as an increase 
in the width of the joint space (Fig. 15-32). Although the necrotic 
bony epiphysis may undergo collapse and subséquent deformation, 
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FIGURE 15-29 A, Radiograph of a patient with severe hip disease secondary to subchondral avascular necrosis shows marked deformity of the superior margin 
of the fémoral head secondary to collapse. B, A frontal section through the fémoral head resected from the patient illustrated in A. C, Specimen radiograph of 
the case illustrated in A and B. 



FIGURE 15-30 An anteroposterior radiograph of the right hip of a 56-year-old man who reported severe hip pain. The similarity of this image to Figure 15-29A 
is striking. However, in this case, a small primary osteosarcoma in the fémoral head led to fracture and the superior portion of the head was displaced medially. 
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TABLE 15-1 Staging Osteonecrosis (University of Pennsylvania 
Classification and Staging) 


Stage 

Criteria 

0 

Normal or nondiagnostic radiograph, bone scan, and MRI 

1 

Normal radiograph; abnormal bone scan and/or MRI 

A—Mild (< 15% of head affected) 

B—Moderate ( 15-30%) 

C—Severe (>30%) 

II 

Lucent and sclerotic changes in fémoral head 

A—Mild (< 15%) 

B—Moderate (15-30%) 

C—Severe (>30%) 

III 

Subchondral collapse (crescent sign) without flattening 

A—Mild (< 15% of articular surface) 

B—Moderate (15-30%) 

C—Severe (>30%) 

IV 

Flattening of fémoral head 

A—Mild (< 15% of surface and <2 mm dépréssion) 

B—Moderate (15-30% of surface or 2-4 mm dépréssion) 

C—Severe (>30% of surface or >4 mm dépréssion) 

V 

Joint narrowing and/or acetabular changes 

A—Mild (average of fémoral head involvement 

B—Moderate as determined in stage IV, and 

C—Severe estimated acetabular involvement) 

VI 

Advanced degenerative changes 

MRI, magnetic résonance imaging. 

From Steinberg ME, Hayken CD, Steinberg DR: Classification and staging of osteonecrosis. 

In Urbaniak JR, Jones JP Jr (eds): Osteonecrosis, Etiology, Diagnosis andïreatment. 

American Academy of Orthopaedic Surgeons, 1997:279. Reproduced with permission from the 
American Academy of Orthopaedic Surgeons. 



FIGURE 15-31 Blood supply to the fémoral head in a child. 


deformity may also resuit from the irregular growth of new bone as 
a resuit of revascularization at the surface of the necrotic secondary 
center of ossification (Fig. 15-33). Characteristic radiologie find- 
ings in patients with Legg-Calvé-Perthes disease include enlarge- 
ment of the fémoral head and sometimes alterations in the fémoral 
neck. Because the growth plate is dépendent upon the epiphyseal 


TABLE 15-2 Unified System (Proposed by Enneking) 




FIGURE 15-32 In the early stage of Legg-Calvé-Perthes disease, there is 
cessation of growth in the bony epiphysis with continued growth of the 
cartilage. Therefore, radiographie studies reveal widening of the joint space. 
Interférence with the vascular supply to the growth plate results in defects 
in the metaphysis, seen here as a lytic area on the latéral side of the left 
fémoral head. 
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FIGURE 15-33 Radiograph of a patient with Legg-Calvé-Perthes disease. 
There is marked irregularity of the acetabulum and fragmentation of the 
fémoral epiphysis, as well as irregularity of the metaphyseal bone. 

vasculature for growth and nutrition, it can be expected that sec- 
ondary changes will occur in the growth plate after necrosis of 
the epiphysis. In the early stages of the disease, lytic lésions are 
often présent in the metaphysis, and as a late conséquence of ces¬ 
sation of growth, there is widening and shortening of the neck of 
the fémur. 


Idiopathic, Nontraumatic or Primary 
Osteonecrosis of the Fémoral Head 


Before 1960, aseptie necrosis without a history of fracture was 
considered unusual. Nowadays, it is recognized to be an impor¬ 
tant cause of arthritis, a high proportion of the cases being 
attributable to either treatment with corticosteroids or chronic 
alcoholism and less commonly to sickle cell disease and Gauchers 
disease. 

The most frequent site of clinical subarticular osteonecrosis is 
the proximal fémur commonly seen in men in the fifth decade of life 
and in women somewhat later. In our own cases, about half of the 
patients showed radiographie evidence of another site of involve- 
ment, either at the time of initial présentation or shortly afterward. 
The other sites included the opposite hip, the proximal humérus, 
knee and spine. However the most common site of involvement was 
the contralatéral hip. 

NATURAL HISTORY AND DIAGNOSIS 

In approximately half of the patients, the onset of symptoms is 
likely to be sudden and acute, although in the rest the onset may 
be insidious with only vague pain and dysfunction. (The history of 
acute onset of symptoms is in marked contrast to OA or rheuma- 
toid arthritis, although acute severe and unremitting pain is typi- 
cal in spontaneous subchondral insufficiency fracture.) However, 


even in cases in which the onset is insidious, eventually the patient 
will usually expérience a sudden increase in the level and frequency 
of pain as well as of joint dysfunction. Radiographs taken at this 
stage often show the crescent sign as already described. Before the 
appearance of the crescent sign, technetium diphosphonate imag- 
ing will generally show a markedly increased uptake of the isotope. 
MRI is especially helpful in visualizing the bone marrow changes. 

In osteonecrosis stages I and II, plain radiographs are generally 
insufficient for diagnosis and staging, and are diagnostic only in some 
cases of stage III, in which a characteristic pattern is clearly visible 
when the hip is correctly positioned. The main advantage of computed 
tomography (CT) compared with the other imaging modalities is the 
accurate détection of a subchondral fracture in stage III (Fig. 15-34). 
The disadvantage of CT is that small lésions might be overlooked. 

On bone scintigraphy, a cold spot is a nonspecific pattern and can be 
found in several other bone marrow processes. The repair process with 
revascularization, detected as a hot spot, is the most common finding 
in osteonecrosis but is also nonspecific. Only the combination of a cold 
and a hot spot represents a diagnostic pattern for osteonecrosis. 

MRI is the most accurate imaging modality used for the diagnosis 
of osteonecrosis of the fémoral head, especially in the early stages. 
Characteristic MRI signal alterations in the anterosuperior portion 
of the fémoral head surrounded by a band of low-signal intensity on 
T : - and T 2 -weighted images are thought to be diagnostic of osteone¬ 
crosis. The occurrence of a double line on the T 2 -weighted image is 
thought to be a pathognomonic sign of osteonecrosis; however, its 
absence does not eliminate the diagnosis of osteonecrosis. Because 
the morphologie changes in the necrotic area are mainly the resuit 
of the repair process, the MRI scan may show a wide range of more 
or less inhomogeneous signal alterations. 

Diffusely distributed MRI abnormalities, with hypointense sig¬ 
nal on T^weighted and iso- or hyperintense signal on T 2 -weighted 
images, indicate bone marrow edema and represent a nonspe¬ 
cific pattern seen with several bone pathologies (tumor, infection, 
insufficiency or stress fracture, and bone marrow edema syndrome 
or transient osteoporosis). 

The limitation of MRI in osteonecrosis is the limited understand- 
ing of the histopathologie correlates of the imaging findings with 
regard to the repair processes. MRI is less sensitive than radiogra- 
phy and especially CT in detecting subchondral fractures or early 
fémoral flattening. 




FIGURE 15-34 Computed tomography scan through the région of the 
fémoral heads shows increased density in the right fémoral head associated 
with stage II subchondral avascular necrosis. 
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ETIOLOGY OF IDIOPATHIC NECROSIS 

Perhaps the most important factors rendering the bone liable to 
infarction at its articular end are: 

• Small diameter of the terminal vessels in the subchondral région 

• Lack of a collateral circulation, particularly at the convex 
surfaces 

• Reduced blood flow in the bone which has fatty marrow as 
compared with that associated with hematopoietic marrow 

• Inexpandable nature of the bone tissue. 

Necrosis may resuit from decreased blood flow in the arterial 
System, due to either narrowing of the lumen, increased viscosity 


of the blood such as occurs with sickling, embolism, or increased 
intraosseous pressure obstructing venous outflow. 

Increased intraosseous pressure occurs in caisson disease and in 
replacement of the marrow tissue by an infiltrative process. In the 
case of patients undergoing cortisone therapy, it has been suggested 
that there is an increase in the size of the fat cells, which, in turn, 
resuit in an increase in intraosseous pressure. 

Episodic infarction in patients receiving cortisone therapy has 
been proposed by Inoue and Ono, who reported that 83% of fém¬ 
oral heads they examined showed histological evidence of recur- 
ring necrosis, that is, evidence of death in previously healing areas. 
However, our own observations hâve failed to confirm this finding. 


SECTION V 

Bone Tumors 



Bone-Forming Tumors 
and Tumor-Like 
Conditions 


Jacob Erdheim (1874-1937). Jacob 
Erdheim was born in May 1874 in Borys- 
law, Austria, and began his medical stud- 
ies in Vienna in 1894. After graduation, 
he joined the Institute of Morbid Anat- 
omy of Anton Weichselbaum. In 1924, 
he became director of the Institute of 
Morbid Anatomy of the City (of Vienna) 
Hospital in Lainz, where he remained 
until his death. He was a bachelor who 
lived at the hospital; a brilliant teacher, 
his pupils came from far and wide and 
included Fuller Albright and Henry Jaffe. 
The latter after Erdheim’s death brought 
back to America Erdheims collection of 
bone pathology specimens and the for¬ 
mer reportedly never forgot his adored 
teacher. 


Henry Jaffe (1896-1979). Henry Jaffe 
was born in New York City and attended 
New York University Medical School, 
graduating in 1920. After 4 years as an 
assistant pathologist at Montefiore Hos¬ 
pital, at the âge of 28 he was appointed 
Pathologist and Director of Laboratories 
at the Hospital for Joint Diseases in New 
York City, where he stayed for the rest 
of his working life. His classic textbooks 
on bone tumors and bone and joint 
diseases based upon clinical radiologie 
and pathologie corrélation hâve had an 
enduring influence on the practice of 
orthopaedics and rheumatology. (From 
Kleinberg S [ed] : A volume in tribute for 
Dr. Henry L. Jaffe. Bulletin of Hospital for 
Joint Diseases 1951;12:x.) 
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Reactive or Post-Traumatic Lésions that 
may be Mistaken for Malignant Tumors 


Sometimes, the response of tissue to mechanical injury may be 
mistaken both clinically and pathologically for a malignant neo- 
plasm, and in that regard, some of the problems in the differential 
diagnosis of stress fractures, as well as traction injuries at various 
ligamentous insertions, hâve already been alluded to in Chapter 4. 

Most pseudosarcomas présent on the surface of the bone and are 
likely to be mistaken for either osteosarcomas or chondrosarcomas. 
Although various names depending on their location and clinical 
présentation hâve been given to the conditions that will be described 
here, they are certainly ail very closely related entities. 

FLORID REACTIVE PERIOSTITIS 

Florid reactive periostitis is a rare calcifying and ossifying soft tissue 
lésion that occurs most commonly in the hands and less commonly 
in the feet. Most of the patients are between 20 and 40 years of âge, 
and women are more commonly affected than men. The condition 
is usually seen along the margin of one of the short tubular bones, 
most commonly the proximal and middle phalanges. It is gener- 
ally believed that the lésion is post-traumatic, although a history 
of trauma may not be elicited. Imaging studies show that although 
the lésion appears to arise from the underlying cortical surface, it is 
without any alteration of the surface architecture of the bone. In the 
early stages, mineralization may be absent; however, at the time of 
clinical présentation, calcification is usually présent. 

Microscopically, especially in the early phases, a disordered loose 
myxomatous fibroblastic prolifération with large spindle-shaped 
fibroblasts having prominent nuclei and mitotic activity, together 
with immature bone and cartilage formation may suggest osteo- 
sarcoma (Fig. 16-1). However, as with myositis ossificans, there is 
usually a zonal arrangement. Local excision may occasionally be fol- 
lowed by récurrence. 


SUBUNGUAL (DUPUYTREN) EXOSTOSIS 

Subungual exostosis is a rare osteocartilaginous lésion arising from 
a distal phalanx, most commonly the big toe. Clinically, the lésion 
must be differentiated from other subungual lésions that cause 
ulcération of the nail bed, including verrucae, glomus tumor, epider- 
mal inclusion cyst, subungual melanoma, carcinoma of the nail bed, 
and pyogénie granuloma. 

Most patients are either adolescents or in their early 20s, but 
occasionally, older individuals might be affected. The symptoms 
are likely to hâve been présent for a few months, and growth of the 
lésion may hâve been rapid. A history of trauma is rarely elicited, 
although that would seem the most likely cause. However, in a few 
cases, a recent study has shown rearrangement of the COL 12Al and 
COL4AS genes. 

On imaging studies, the exostosis arises from the dorsal aspect 
of the tip of the distal phalanx and grows distally. Early in the clini¬ 
cal course of the lésion, it appears as a soft tissue density without 
attachment to the underlying bone. Later, however, as it calcifies, it 
begins to show a trabecular pattern and eventually connects to the 
underlying bone. 

The microscopie appearance dépends on the stage of maturation. 
In the early stages, the lésion appears as a focus of proliferating cel¬ 
lular fibrous tissue with areas of cartilaginous metaplasia. Later in its 
development, it shows focal calcification and ossification mimicking 
an osteochondroma. However, even in a mature lésion, there is no 
distinct layer of periosteum covering the cartilage cap, as would be 
seen with a true osteocartilaginous exostosis (Fig. 16-2); rather the 
fibrocartilaginous tissue at the periphery of the lésion blends with 
the overlying fibrous connective tissue. Also in contrast to osteo¬ 
chondroma, the lésion appears to be stuck on to the cortical surface 
and does not show cortical or medullary continuity with underlying 
bone. These findings are similar to those of florid reactive periosti¬ 
tis and, like that lésion, may be mistaken for malignancy, especially 
if biopsy tissue has been obtained only from the periphery of the 
lésion or early in the course of its development. 


FIGURE 16-1 A, Radiograph of a 31-year-old 
drummer who had had a 5-month history of 
pain in the little finger. In addition to soft tissue 
swelling along the ulnar side of the proximal 
phalanx, there is poorly defined extraosseous 
calcification. In this case, the differential 
diagnosis would include myositis ossificans 
or other reactive lésion, as well as a benign or 
malignant cartilage lésion. B, Photomicrograph 
of the tissue obtained from this case of reactive 
periostitis showing the zoning phenomenon seen 
at the edge of such lésions. In the upper part of 
the picture, a loose myxoid tissue gives way to 
more dense proliférative fibrous tissue. In the 
lower part of the picture, extracellular matrix is 
being formed, giving rise to tissue resembling 
primitive bone or cartilage (H&E, x 4 obj.). 
(Courtesy of Dr. Leonard Kahn.) 
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FIGURE 16-2 A, Radiograph of the forefoot demonstrates a subungual exostosis of the big toe. B, Photomicrograph of a portion of the periphery of a 
subungual exostosis showing the merging of the cartilaginous portion with overlying proliférative fibrous tissue. In the lower part there is bone formation 
(H&E, x 10 obj.). (A from Pavlov H,TorgJS, Hirsh A, Freiberger RH: The Roentgen examination of runners' injuries. Radiographies 1981;1:17-34.) 


The lésion is likely to recur unless it is completely excised, espe- 
cially if it is removed in the early stages of the disease. (Similar lésions 
when présent in other parts of the phalanges, are often referred to 
as turret exostoses.) 

BIZARRE PAROSTEAL OSTEOCHONDROMATOUS 
PROLIFERATION (NORA'S LESION) 

Bizarre parosteal osteochondromatous prolifération (BPOP) is a 
rare aggressive tumorous lésion closely related histologically to reac¬ 
tive periostitis and subungual exostosis. More common in the hands 
than the feet, they occur most commonly on the proximal or middle 
phalanges and the metacarpals; they are rarely also seen in the long 
tubular bones. Usually, there is no history of trauma. Recent stud- 
ies hâve strongly indicated that (1:17) (q32;q21) translocations are 
récurrent and unique aberrations in BPOP. 

Problems are most commonly related either to the local mass 
or to limitation of movement of the nearby joints. Patients are 


usually young or early middle âge, and the sexes are equally 
affected. Following excision, about 50% recur. Metastasis does 
not occur. 

On imaging studies the lésions may superficially resemble 
ordinary osteochondromas. However, in contrast to osteochon- 
droma, in which the cortex and the spongiosa of the lésion is con- 
tinuous with that of the underlying bone, BPOPs arise directly 
from the cortical surface of the bone and do not show the seam- 
less continuity of lesional and cortical bone characteristic of an 
osteochondroma. 

Microscopically, there usually is a transition, from bizarre fibro- 
blastic prolifération at the periphery to cellular cartilage and dis- 
organized immature bone typically basophilie (blue bone), adjacent 
to the cortex. Because of its seeming disorganized and cytologie 
atypia, the lésion may be mistaken for an osteosarcoma or chon- 
drosarcoma. However, like florid reactive periostitis on low-power 
examination, the lésion generally shows an obvious zonal pattern 
(Figs. 16-3 and 16-4). 



FIGURE 16-3 A, Radiograph of the forefoot of a 28-year-old man reporting pain in the 5th toe. There is a well-defined lobulated and ossified mass in the 
soft tissue distal to the distal phalanx.This mass does not seem to be attached to the bone of the phalanx. B, A photomicrograph of the resected lésion 
demonstrates the lobulated cellular cartilaginous tissue and calcified fibrocartilaginous tissue found at the periphery of the lésion. The focal basophilie 
calcification is a characteristic finding (H&E, x 10 obj.). 


(Continued) 
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FIGURE 16-3—CONT'D C, A photomicrograph of the cartilaginous 
component of the lésion demonstrates the hypercellularity of the cartilage 
typically seen in bizarre parosteal osteochondromatous prolifération of bone, 
or Nora's lésion (H&E, x 25 obj.). 


Benign Tumors 


BONE ISLAND (SOLITARY ENOSTOSIS) 

A solitary fleck of increased density in cancellous bone is not an 
uncommon incidental finding on radiographie images. These foci 
are found in the intramedullary spongy bone and are composed of 
compact bone that merges with the surrounding trabecular bone to 
give a spoke-like pattern at the periphery (Fig. 16-5). Microscopie 
examination of this tissue reveals mature lamellar bone with well- 
developed haversian and interstitial lamellar Systems (Fig. 16-6). No 
endochondral ossification or calcified cartilage is observed. 


Usually these lésions are only 1 or 2 mm in diameter, but occa- 
sionally, they may be as large as 1 cm or even larger. Occasionally 
scintigraphy may reveal increased uptake of isotope in these lésions, 
suggesting active growth (Fig. 16-7). 

The lésions are probably developmental in origin and significant 
only in differential diagnosis (e.g., of osteoid osteoma when they are 
small or of sclerosing osteosarcoma if they are large). 

OSTEOPOIKILOSIS 

Osteopoikilosis (multiple bone islands) is a rare, symptomless, and 
clinically benign condition. It is inherited as an autosomal domi¬ 
nant trait characterized by mutations in LEMD3 on chromosome 
12ql4. On radiographs, the bones show multiple discrète or clus- 
tered foci of radiopacity with uniform density, giving the bone a 
spotted appearance. Usually, the lésions are symmetrical and affect 
both the epiphyseal and metaphyseal zones. Most commonly, the 
lésions involve the small bones of the hands and feet, and the ends 
of the long bones of the extremities. The microscopie features are 
similar to those of solitary bone islands (Fig. 16-8). 

Some cases of osteopoikilosis hâve been reported in association 
with cutaneous nodules, which usually prove on microscopie exami¬ 
nation to be fibrous tissue resembling scleroderma-like lésions, or 
keloids (The Buschke-Ollendorff syndrome [BOS]). 

MELORHEOSTOSIS 

Melorheostosis is a rare, nonfamilial condition related to osteopoikilo¬ 
sis and BOS in having an LEMD3 functional loss mutation. The affected 
bones display an irregular cortical hyperostosis, similar in appearance 
to melting wax dripping down the sides of a candie (Fig. 16-9). The 
lésions occur on both the periosteal and the endosteal surface and may 
be monostotic, monomelic, or polymelic. Radioisotope bone scans 
usually show increased uptake in the lesional tissue. 



FIGURE 16-4 A, Radiograph of a latéral view of the thumb of a 13-year-old boy. Adjacent to the bone is a lobulated lésion that is not attached to the phalanx 
and that is forming bone. B, A computed tomography (CT) scan of the lésion shows the lesional bone to hâve varying degrees of maturation. 
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FIGURE 16-4—CONT'D C, A three-dimensional CT reconstruction of the lésion. D ( Photomicrograph taken at the periphery of the lésion demonstrates a 
mixture of bone, fibrous tissue, and calcified cartilage arranged in a bizarre pattern (H&E, x 4 obj.). E, Photomicrograph at a higher power demonstrates the 
transition of bone and cartilage in this lésion. The bone appears to be benign.The tissue seen here is typical of bizarre parosteal osteochondromatous 
prolifération (note the presence of “blue bone”) (H&E, x 25 obj.). (Courtesy of Dr. Sharon Wallace, Victoria, Australia.) 



FIGURE 16-5 A, Coronal section through an osteoarthritic fémoral head 
reveals a whitish, circumscribed piece of bone, clearly demarcated from 
the surrounding cancellous bone. B, Radiograph of the specimen illustrated 
in A demonstrates the marked density of the solitary bone island and its 
connectedness with the surrounding cancellous bone. 


FIGURE 16-6 A, A bone island consists of dense but normal bone distinctly 
separated from the surrounding cancellous bone spiculés. Note that the 
spiculés merge with the nodule in a radial fashion.The bone is found to be 
lamellar when viewed under polarized light (H&E, x 1 obj.). B, High-power 
view of the bone island illustrated in A shows the mature appearance of the 
bone (H&E, x 4 obj.). 
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FIGURE 16-7 A, Anteroposterior radiograph of a knee, showing in the latéral fémoral condyle a peripheral island of dense bone delineated by a fine osteolytic 
rim. B, Scintigram showing increased uptake of "Te diphosphonate in the lésion. C, Photomicrograph of a section through the lésion demonstrated in A reveals 
dense cortical bone that merges imperceptibly with the surrounding cancellous bone (H&E, x 1 obj.). (Courtesy of Dr. Leon Sokoloff.) 



FIGURE 16-8 A, Radiograph reveals circumscribed dense foci of bone distributed throughout the hand of a patient with osteopoikilosis. B, Nodules of bone 
with connected spiculés of cancellous bone are évident in this photomicrograph of a specimen from a patient with osteopoikilosis (H&E, x 4 obj.). 


Associated cutaneous lésions, including vascular malformations 
and focal subeutaneous and para-articular fibrosis, are common, 
and in children prominent soft tissue fibrosis may predate osseous 
abnormalities. 

With an onset in childhood, the skeleton is characterized by hyper- 
ostoses of the bones of the extremities and pelvic girdle, inequal- 
ity in the length of the extremities, and by contractures resulting in 


joint deformity. On radiographs, the lésions may be found to involve 
the epiphysis, and the dense osseous tissue may be seen to cross the 
growth plate. (Attempts at surgical management of the contractures 
hâve been unrewarding.) 

With adult onset, the patients most often présent with pain, 
deformity, or limitation of joint motion. The lésion may involve 
one or many bones. Ectopic bone may be présent in para-articular 
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FIGURE 16-9 Radiograph of forearm in a 35-year-old man with 
generalized bone pain and melorheostosis shows the thickened endosteal 
and periosteal bone that has the characteristic appearance of candie wax 
dripping. 


locations (Fig. 16-10). The involvement of one side of a bone (or row 
of bones, in some cases) has suggested a sclerotome distribution. 

On gross examination of the affected bones, the periosteal and 
endosteal surfaces are irregular, and the bones display thickened cor- 
tices. The marrow cavity is narrowed. Histologie examination reveals 


that the new bone may be either woven or lamellar (Fig. 16-11). 
However, even when the new bone tissue is lamellar, its cancel- 
lous architecture is irregular, and there is a distinct différentiation 
between the normal and melorheostotic bone. 



FIGURE 16-11 A, Biopsy specimen of cortical bone from a patient 
with melorheostosis reveals markedly irregular bone with relatively 
little cellular activity on the endosteal surfaces. The marrow may show 
mild fibrosis (H&E, x 4 obj.). B, The same histologie field shown in 
A, photographed with polarized light. Note the irregular mixture of 
lamellar and woven bone. 



FIGURE 16-10 A, Clinical photograph of 
a female patient with large juxta-articular 
swellings seen on imaging (B) to be formed 
of dense osseous tissue. 
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OSTEOPATHIA STRIATA (VOORHOEVE'S DISEASE) 

Osteopathia striata is a rare benign, asymptomatic disorder char- 
acterized radiographically by symmetrical, axially oriented, dense 
striations in the metaphysis of long bone. Its presence in associa¬ 
tion with sclerosis of the base of the skull has been determined 
to be genetically transmitted as an autosomal dominant condition 
(Fig. 16-12). Osteopathia striata may be seen in association with 
osteopoikilosis or melorheostosis, or both, in which case the con¬ 
dition is usually referred to as mixed sclerosing bone dystrophy 
(Fig. 16-13). 


SURFACE OSTEOMAS OFTHE CRANIUM, FACIAL 
BONES, AND OTHER BONES 

These lésions are relatively uncommon, asymptomatic, benign slow- 
growing bony tumors usually affecting the calvaria and facial bones. 
Some osteomas appear on the outer surface of the calvaria as circum- 
scribed, ivory-like excrescences composed of mature lamellar bone 
(Fig. 16-14). Similar surface osteomas on the long or fiat bones are 
very rare and most likely initially diagnosed as surface ostéogénie sar- 
coma. However, microscopie examination will reveal only mature 
bone without any associated low-grade fibrous component and usually 
only nondescript adipose tissue in the marrow spaces (Fig. 16-15). 



FIGURE 16-12 In this radiograph of the lower fémur, the striated pattern of 
Voorhoeve's disease can be clearly seen. 



FIGURE 16-13 Many bone islands as well as evidence of melorheostosis can 
be seen in this radiograph of a foot.This rare pattern of mixed sclerosing bone 
dystrophy was generalized throughout the skeleton in this particular subject. 



FIGURE 16-14 A, Gross photograph of an osteoma (or ivory exostosis) of the calvaria shows a well-circumscribed nodular growth distorting the smooth contour 
of the skull. B, Photomicrograph of the lésion shown in A demonstrates that the lésion is composed of mature lamellar bone (H&E, x 1 obj.). 
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FIGURE 16-15 A, Latéral radiograph of the left knee in a 28-year-old obese woman who reported pain in the knee for 2 or 3 months.There is an irregular 
heavily mineralized mass just above the condyles that is very suggestive of parosteal osteosarcoma. B, A section through the resected specimen shows that the 
lésion has a dense appearance and is well demarcated from the adjacent cancellous bone. C, Photomicrograph of a typical area of the mass shows compact 
cortical bone typical of a benign osteoma (H&E, x 4 obj.). D, Polarized light image of the same field shows the mature lamellar bone that makes up the lésion. 


Osteomas seen on the face are generally associated with the 
frontal and ethmoid sinuses, and are formed of dense immature 
woven bone, often with a central area characterized by fibrosis 
with active osteoblasts and osteoclasts (Fig. 16-16). The etiology 
of these facial osteomas is obscure; however, microscopically the 
lésion has a close kinship with osteoblastoma. The lésion does not 
recur after surgical excision, and it is not associated with malignant 
change. 

Very rarely, this latter type of osteoma is associated with colonie 
polyps (Gardners syndrome). Other disorders characteristically 


grouped with this syndrome are odontomas, supernumerary and 
unerupted teeth, and soft tissue tumors, including fibromas and 
epidermal inclusion cysts. 

Gardners syndrome is an autosomal dominant genetic disor- 
der, and it is of particular importance because of the malignant 
change that frequently occurs in the adenomatous intestinal polyps. 
Gardner s syndrome is associated with a loss of DNA méthylation, 
which affects a number of cell processes such as gene imprinting. In 
addition, there are mutations on the APC gene chromosome 5, RAS 
gene chromosome 18, and TPS3 gene chromosome 17. 
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FIGURE 16-16 A, The protrusion of the right orbit seen in this patient is caused by tumor arising from the bone of the frontal sinus. B, Radiograph 
demonstrates a well-circumscribed dense lésion that is distorting the frontal sinus (the cause of the orbital protrusion in the clinical photograph). C, Histologie 
section through the lésion excised from the frontal sinus of the patient shown in A and B. The lésion consists of dense immature bone with a focal area of 
active bone modeling. Although this lésion is usually referred to as an osteoma, the immature bone and osteoblastoma-like features clearly distinguish it from a 
routine osteoma (H&E, x 1 obj.). D, Photomicrograph of the more solid area of the lésion to demonstrate the cellular woven character of the bone (H&E, x 10 
obj.). E, Photomicrograph to include part of the more active area to demonstrate the fibrous nature of the lésion and the active bone modeling (H&E, x 4 obj.). 
F, Photomicrograph of a higher power demonstrates active osteoblastic and osteoclastic components (H&E, x 25 obj.). 


OSTEOID OSTEOMA 

Osteoid osteomas are painful lésions of bone that are relatively 
common, small (less than 1 cm in diameter), solitary, and benign. 
Characteristically seen in children and adolescents, with boys 
affected more than twice as frequently as girls (Fig. 16-17), about 
half the cases présent in the lower extremity. The lésions tend to 


occur near the end of the diaphysis, but almost any bone may be 
involved and in any location (Figs. 16-18 and 16-19). 

The characteristic clinical présentation is nocturnal pain, which 
is usually relieved by aspirin. On physical examination, local swell- 
ing may be apparent and the lésion may be exquisitely tender; mild 
leukocytosis may be présent. 
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FIGURE 16-17 Location and âge distribution of osteoid osteoma. 


The typical lésion is located within the cortex of a long bone, 
and exhibits on imaging studies a central lucent zone (or nidus) 
with increased sclerosis of the surrounding bone, which may also 
show marked periosteal new bone formation (Fig. 16-20). (Osteoid 
osteomas located subperiosteally or in the cancellous portion of 
the bone may hâve much less surrounding sclerosis [Fig. 16-21].) 
On bone scans, the lésions show increased uptake of radioactive 
isotope. The radiologie differential diagnosis includes a small focus 
of osteomyelitis or a stress fracture. 

When the lésion is close to or within a joint (often the hip), the 
patient may présent with an effusion and symptoms of synovitis. 



FIGURE 16-18 A, A radiolucent lésion in the 2nd toe of a young adult who 
reported throbbing pain. (B) A magnetic résonance imaging scan (MRI) shows 
increased blood flow or edema both of the bone and surrounding tissues. 

C, Same MRI in cross-section. D, Low-power photomicrograph shows the 
lace-like nidus of the osteoid-osteoma with a more lucent zone between it 
and the surrounding normal bone (H&E, x 2.5 obj.). 
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B 


FIGURE 16-19 A, Low-power photomicrograph of the middle phalanx of a finger. A subperiosteal osteoid osteoma is seen adjacent to the joint margin 
(H&E, x 1 obj.). B, A specimen photograph of the nidus and surrounding bone. C ( Photomicrograph of the curetted tissue reveals woven immature bone with 
prominent osteoblasts and osteoclasts consistent with an osteoid-osteoma (H&E, x 10 obj.). 




FIGURE 16-20 A, A 20-year-old man complained of pain in the midshaft of the right fémur. Radiograph shows an area of cortical thickening, in the center of which is 
a lucent defect that proved on microscopie examination to be the resuit of an osteoid osteoma. An osteoid osteoma in cortical bone usually produces a considérable 
amount of reactive bone tissue, as seen in this case. (However, in the cancellous area of the bone, it may be difficult to see the lésion because of a lack of reactive 
bone sclerosis.) B, Gross photograph of the cortical bone containing the osteoid osteoma. Note the dense center in the nidus and the surrounding hyperemia. 

C, Radiograph of a slice taken through the nidus shown in B.The nidus is formed of fine bone spiculés, and corresponding to the hyperemic zone, a lucent zone 
lies between the nidus and the surrounding sclerotic cortical bone. 
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FIGURE 16-20—CONT'D D, A low-power photomicrograph of the nidus 
in situ (H&E, x 2.5 obj.). E, High-power photomicrograph of the central 
nidus shows interconnecting trabeculae of immature woven bone with an 
extremely vascular stroma. Many osteoclasts and active osteoblasts line 
the bone trabeculae (H&E, x 10 obj.). F, Photomicrograph at the margin of 
the lésion shows loose fibrous connective tissue with increased vascularity 
(H&E, x 4 obj.). 



FIGURE 16-21 Radiograph of a latéral view of the hindfoot.The lytic lésion 
in the posterior third of the body of the os calcis was shown at an excisional 
biopsy to be an osteoid osteoma. There is only minimal reactive osteosclerosis, 
and the nidus is not very obvious. (Courtesy of Dr. Robert Freiberger.) 


Indeed in such a case, synovial biopsy often reveals a marked lym¬ 
phoproliférative synovitis. This type of clinical présentation, which 
is not likely to be immediately diagnosed as osteoid osteoma, is 
seen in approximately 20% of the cases that are juxta-articular. 
Osteoid osteomas that are close to the epiphysis may occasion- 
ally resuit in growth disturbance and deformity. Another group of 
patients in which the diagnosis may be delayed are individuals with 
lésions in the vertébral column, who might présent with scoliosis 
(Fig. 16-22). 

At surgery, the lésion is often difficult to find, although there 
may be a mild pinkish cast to the overlying cortical bone due to the 
periosteal reaction and increased vascularity. (Preoperative tech¬ 
netium [ 99 Tc] isotope injection has been used for intraoperative 
localization of the lésion.) The lésion itself may appear as a well- 
demarcated nodule, often cherry red (Fig. 16-23), but occasionally 
very dense and white. 

Osteoid osteomas are characterized microscopically by a maze 
of small spiculés of immature bone, most often lined with promi¬ 
nent osteoblasts and increased numbers of osteoclasts (Fig. 16-24). 
In more mature lésions, the intervening stroma is sparsely cellular, 
with readily apparent vascular spaces (Fig. 16-25). Cartilage matrix 
formation does not occur. Very rare cases hâve been observed in 
which multiple nidi were présent. 

A fine grain radiograph may be helpful in determining the 
location of the nidus of an osteoid osteoma in the curetted tissue 
submitted at the time of operation for microscopie examination 
(Fig. 16-26). 

The etiology of this bizarre self-limiting condition remains obscure. 
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FIGURE 16-22 A, Clinical photograph demonstrating mild scoliosis in a teenaged boy with an osteoid osteoma in the spine. (Courtesy of Dr. David Levine.) 
B, Technetium scan of the spine shows a localized area of high uptake. 



FIGURE 16-23 A, Gross photograph of an excised osteoid osteoma that appeared on radiographs as a completely lucent lésion. Note the hyperemic appearance 
of the tissue. B, Radiograph of the specimen demonstrating the relative lucency of the nidus. However, there are fine bone trabeculae coursing through the lésion. 


OSTEOBLASTOMA 

An osteoblastoma is a rare solitary, benign, osteoid- and bone-form- 
ing neoplasm that contains many well-differentiated osteoblasts and 
osteoclasts, and usually has a vascular stroma. Osteoblastomas pre- 
dominantly affect young adults and are often painful. Swelling and 
tenderness are usually the symptoms that prompt the patient to seek 
medical attention. In most cases, the long bones or vertebrae are 
the sites of involvement, with approximately 40% of osteoblastomas 
originating in the spine. In long bones, the lésion may arise in either 
the metaphysis or the diaphysis (Fig. 16-27). 

In the spine, osteoblastomas arise with about equal frequency 
in the cervical and lumbar régions, with the thoracic région 


being less frequently involved (Fig. 16-28). Occasionally, they 
may involve the pelvis or sacrum. Mainly they affect the ver¬ 
tébral arch, involving the spinous and transverse processes as 
well as the laminae and pedicles. In only a few cases does the 
lésion appear to originate within the vertébral bodies. The clini¬ 
cal présentation of osteoblastoma in the spine may include myel- 
opathic or radicular symptoms and often suggests a herniated 
dise. Progressive scoliosis may also appear and if the cervical 
spine is affected, reversai of the lordotic curve may occur and 
torticollis be prominent. 

On imaging studies, the lésion characteristically appears as a 
lucent defect with various degrees of central density. They are 
usually well circumscribed, without extensive surrounding bone 
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FIGURE 16-24 Photomicrograph showing a portion of an osteoid osteoma 
nidus and a part of the normal bone at the edge of the lésion. The nidus 
is composed of vascular fibrous tissue in which there are small, irregular, 
but connected trabeculae of woven bone, demonstrating both prominent 
osteoblasts and prominent osteoclasts (H&E, x 4 obj.). 



FIGURE 16-25 Photomicrograph of the nidus of a more mature osteoid 
osteoma, with more dense interconnecting trabeculae of bone and less 
cellular activity than is seen in Figure 16-24 (H&E, x 4 obj.). 


sclerosis. They are similar in appearance to osteoid osteoma, 
with the différence being that the diameter generally exceeds 1.5 
cm, and unlike osteoid osteomas, which are self-limiting lésions, 
osteoblastomas may continue to enlarge. Computed tomography 
(CT) scanning (Fig. 16-29) and isotope scanning show increased 
uptake (Fig. 16-30), and both methods are helpful in délinéation. 

Treatment consists of curettage or en bloc excision. At surgery, 
an osteoblastoma is found to be composed of hémorrhagie, granu- 
lar, friable, and calcified tissue (Fig. 16-31). 



FIGURE 16-26 Radiograph of curetted tissue taken during surgery in a 
patient with a suspected osteoid osteoma. Radiographs of the specimen 
were taken immediately (see Chapter 2 for methodology). In the portion of 
the specimen illustrated, one can discern a piece of bone with a very fine 
trabecular pattern typical of an osteoid osteoma (/e/t), and a fragment of 
more normal cancellous bone {right). When many specimens are received 
from a patient with an osteoid osteoma, radiographs of the specimens 
not only help the pathologist to inform the surgeon whether he or she has 
removed the lesional tissue or not but also enable the pathologist to select 
the proper pièces for histologie processing. 


On microscopie examination, the lésion consists of a vascular 
spindle cell stroma with abundant irregular spiculés of mineral- 
ized bone and osteoid (Fig. 16-32). Osteoblasts and multinucleated 
osteoclasts are readily évident on the bone surfaces. Generally no 
cartilage can be seen in the lésion; however, in rare cases, foci of car¬ 
tilage may be found and this in association with focal atypical cells 
may lead to a misdiagnosis of osteosarcoma. 

It is often difficult to differentiate an osteoblastoma from an 
osteoid osteoma. However, the tissue pattern usually appears 
less regular in an osteoblastoma than in an osteoid osteoma. 
Nevertheless, the lésions are similar enough that osteoblastomas 
hâve in the past been referred to in the literature as giant osteoid 
osteomas. 

A few patients with either solitary or multiple osteoblasto¬ 
mas hâve presented with associated weight loss, anémia, and 
low-grade fever. In these toxic cases, the true diagnosis is apt 
to be delayed because the patient is usually diagnosed as having 
osteomyelitis. Curettage of the lésion résolves the toxic symp- 
toms (Fig. 16-33). 

On rare occasions, osteoblastomas hâve been noted to act 
aggressively, with significant bone destruction and extension into 
adjacent soft tissues. In these cases, microscopie examination 
has revealed large, plump osteoblasts that hâve epithelioid fea- 
tures and may form sheets of cells in the intertrabecular spaces 
(Fig. 16-34). The nucleoli of these cells may be prominent, and 
mitoses may be présent. In some cases, it may be very difficult 
to differentiate an aggressive osteoblastoma from a low-grade 
osteoblastoma-like osteosarcoma. Extremely rare cases of multi¬ 
ple osteoblastomas hâve been reported, and an example is shown 
in Figure 16-35. 

Changes characteristic of a secondary aneurysmal bone cyst or 
pathologie fracture may be présent within some osteoblastomas, 
further adding to the problems of differential diagnosis. 
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FIGURE 16-27 Location and âge distribution of osteoblastoma. 



FIGURE 16-28 A 20-year-old man reported low back pain and was 
admitted to the hospital with an expanding, destructive lésion affecting 
the pedicle and transverse process on the right side of L4. On radiographie 
examination, the margin of the lésion is well defined and there is a patchy 
increase in density. An excisional biopsy of the lésion proved it to be a benign 
osteoblastoma. 



FIGURE 16-29 Computerized axial tomogram shows a circumscribed 
sclerotic lésion in the ilium adjacent to the sacroiliac joint, which proved to 
be an osteoblastoma. 


Malignant Tumors 


OSTEOSARCOMA (OSTEOGENIC SARCOMA) 

Osteosarcoma is the second most common primary malignant skel- 
etal neoplasm (myeloma being the most common), and accounts 
for approximately 20% of ail primary malignant bone tumors. It is 
defined as a malignant neoplasm in which bone matrix is formed by 
the malignant cells (Fig. 16-36). However, the pluripotential nature 
of the malignant cells is évident in the abundant fibrous or cartilagi- 
nous matrix présent in many osteosarcomas. 


Roughly 50% of ail osteosarcomas are principally osteoblastic; 
most of the rest are predominantly chondroblastic or fibroblastic; 
rarely, the tumor may hâve a small cell- or a giant cell-rich pattern. 
Occasionally, large areas of the tumor may not be making any dis- 
cernible extracellular matrix so that histologie diagnosis dépends on 
adéquate sampling (Fig. 16-37). 

The microscopie heterogeneity of this lésion often leads to 
confusion with a number of other entities, including fracture cal- 
lus (especially following a stress fracture without a clinical his- 
tory of injury), aneurysmal bone cyst, chondrosarcoma, Ewings 
tumor, and even giant cell tumor. The diagnostic difficulties may be 
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FIGURE 16-30 Radioisotope scan of an osteoblastoma in the transverse 
process and pedicle of C5.The intense focal uptake is typical of that seen in 
association with both osteoblastomas and osteoid osteomas. In this case, 
the size of the lésion indicates that this is an osteoblastoma. 



FIGURE 16-31 A slice through an osteoblastoma in the posterior ilium 
demonstrates the mixed lytic and sclerotic areas that may be seen. 
(Courtesy of Dr. Alberto G.Ayala.) 



FIGURE 16-32 A, Photomicrograph of an osteoblastoma shows the usual pattern of disorganized trabeculae of immature bone set in a cellular vascular stroma (H&E, 
x 2.5 obj.). B, Photomicrograph of an osteoblastoma at a higher magnification shows marked osteoblastic and osteoclastic activity at the bone surfaces (H&E, x 10 obj.). 



FIGURE 16-33 A 16-year-old Indian boy was admitted with hip pain, low-grade fever, and weight loss. A and B, Imaging revealed osteopenia of the right hip 
and pelvis with a large intrapelvic lésion. A presumptive diagnosis of infection, possibly tuberculosis, was made. 


(Continued) 
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FIGURE 16-33—CONT'D C and D, Histologie examination revealed a fibrous and osseous tumor classic for osteoblastoma. On removal of the tumor, his 
initial clinical signs returned to normal and he rapidly regained weight (H&E, C x 10 obj.; D x 25 obj.). 


complicated if a pathologie fracture has complicated the underlying 
lésion (Box 16-1). 

In very rare cases, an osteosarcoma may présent with more than 
one focus of tumor. In such a case, it may be difficult to détermine 
whether it is a tumor of multifocal origin or whether the other 
lésions are metastatic. However, there are some points that suggest a 


multifocal origin, including symmetrical and simultaneous involve- 
ment with metaphyseal lésions in long bones and sparing of the vis¬ 
céral organs. 

Most osteosarcomas are high-grade lésions, although less 
commonly, low-grade osteosarcomas may be encountered, usu- 
ally as a surface lésion. The discussion that follows will consider 




FIGURE 16-34 A to D, Photomicrographs of four separate fields of an atypical osteoblastoma with crowded, large epithelioid stromal cells; small irregular 
foci of woven bone are présent. It is important for the pathologist to recognize that an osteoblastoma may be cellular, and to distinguish this pattern from 
osteosarcoma, a histologie différentiation that can at times be very difficult (H&E, A and B x 10 obj.; C and D x 25 obj.). 
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FIGURE 16-35 A 40-year-old man was admitted with right foot pain. A and B, Radiographs of the leg revealed multiple well-marginated lytic lésions that were 
involving the fémur, patella, and tibia. The presumptive diagnosis was a vascular tumor. C, A positron émission tomography scan confirmed the presence of 
multiple lésions including the foot. D to F, Microscopie examination revealed a benign-appearing osseous tumor with the features of an osteoblastoma (H&E, 
D x 4 obj.; E x 10 obj.; F x 25 obj.). 
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FIGURE 16-36 Photomicrograph of a cellular osteosarcoma showing foci of 
both bone and cartilage matrix différentiation (H&E, x 25 obj.). 


BOX 16-2 Conditions Occasionally Associated with Osteosarcoma 
Paget's disease 
Bone infarction 
Chronic osteomyelitis 

Postirradiation (especially giant cell tumor or fibrous dysplasia) 

Metallic prosthetic implants 
Retinoblastoma 

Rothmund-Thompson syndrome 

occurs more often in boys than in girls. About 80% of the lésions 
occur at the ends of long bones, especially around the knee joint 
(Fig. 16-38). Localized pain, swelling, and sometimes pathologie 
fracture présent in children who are otherwise in good health. 
Alkaline phosphatase levels in these patients are generally two to 
three times normal. 


Osteosarcoma 



Intramedullary 

(95%) 


Surface 

(5%) 


High grade 
(90%) 


Osteoblastic 
Chondroblastic 
Fibroblastic 
Small cell 
Telangiectatic 
Multifocal 


Low grade 
( 10 %) 


Osteoma-like 
Osteoblastoma-like 
Fibrous dysplasia-like 



Low grade / \ Periosteal 

(90%) / \ (1%) 

High grade Intracortical 
(9%) (very rare) 


FIGURE 16-37 Osteosarcoma. 


BOX 16-1 Differential Diagnosis of Osteosarcoma 
Post-traumatic lésion—fracture callus 

Pathologie fracture through a pre-existing benign lésion, e.g., fibrous 
dysplasia 

Nonossifying fibroma 

Osteoblastoma—aggressive osteoblastoma 
Giant bone island 
Surface osteoma 

Ewing's sarcoma with reactive bone formation 
Giant cell tumor with reactive bone formation 


high-grade central lésions (the most common), low-grade central 
lésions, low-grade surface lésions (so-called parosteal or juxtacor- 
tical osteosarcomas), high-grade surface lésions, periosteal osteo- 
sarcomas, intracortical osteosarcomas, and finally, sarcomas that 
complicate Pagets disease, radiation therapy, and other conditions 
(Box 16-2). 

Central Osteosarcoma, High Grade 

Central high-grade osteosarcoma, the most common variant, usu- 
ally affects children (before the closure of the growth plates) and 




FIGURE 16-38 Location and âge distribution of central high-grade osteosarcoma. 
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Imaging studies may reveal a sclerotic (in about 35%) (Fig. 16-39), 
lytic (in about 25%) (Fig. 16-40), or mixed destructive lésion most 
commonly in the metaphysis; rarely the diaphysis or the epiphysis. 
In most cases, the tumor has invaded the cortex and extended into 



FIGURE 16-39 A 10-year-old boy presented with complaints of pain around 
the knee joint. On physical examination, some fullness was felt in the lower 
fémur, which was noted to be warmer than the surrounding tissue. Radiograph 
shows a radiodense tumor involving the metaphyseal end of the fémur, with 
extension of the tumor both anteriorly and posteriorly into the soft tissue. 

It is difficult to détermine whether or not the epiphyseal end of the bone 
is involved because of the two-dimensional radiologie image of the three- 
dimensional bone. (This radiograph should be compared with Figure 16-44, 
photographs of the specimen resected from this patient.) 



FIGURE 16-40 Latéral radiograph to show a lytic osteosarcoma of the lower 
fémur. Posterior extension of the tumor into the soft tissue is évident. 


the soft tissues at the time of présentation (Fig. 16-41). In many cases, 
there is abundant periosteal new bone formation (which sometimes 
shows a sunbursF pattern) (Fig. 16-42). As with other malignant 
bone tumors, at the edge of the expansile tumor, élévation of the 
periosteum may resuit in a triangle of reactive bone, which is visible 
on imaging studies and referred to as Codmans triangle (Fig. 16-43). 
The sides of the triangle are formed by the periosteum, the under- 
lying cortex, and the narrow margin of the tumor mass. However, 
the triangle itself is made up of benign reactive bone that may cause 
diagnostic problems if biopsy specimens are obtained only from this 
area. Pénétration of the tumor into the epiphysis is uncommon and 
the joint space is rarely involved. 



FIGURE 16-41 Computerized axial tomogram demonstrates expansile 
subperiosteal bone matrix formation in a case of central osteosarcoma. 



FIGURE 16-42 In this photograph of a frontal section through the distal 
fémur of a young patient with osteosarcoma, the tumor has extended 
through the cortex elevating the periosteum. The new bone formed beneath 
the periosteum is perpendicular to the underlying cortex resulting in a 
sunburst appearance. 
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FIGURE 16-43 A, At the upper end of the 
photograph, a portion of the uninvolved fémoral 
shaft can be seen, whereas at the lower end, the 
tumor is seen to break through the cortex of 
the bone. Between the tumor and the normal 
cortex is a hyperemic zone that has an irregular 
margin with the cortical bone.This hyperemic 
zone is composed of reactive bone formed by the 
periosteum, and would appear on a radiograph 
as Codman's triangle. B, A close-up of a slice 
through the superior anterior aspect of the 
specimen demonstrates the reactive periosteal 
bone above and the tumor below. If this reactive 
periosteal bone is the site of biopsy, it will fail 
to produce any histologie evidence of malignant 
tumor. (See also Figure 16-45.) 



The gross and microscopie appearance of osteosarcoma varies 
according to the type of matrix (Figs. 16-44 and 16-45). Most oste- 
osarcomas hâve in common a pleomorphic and anaplastic cell 
population that produces an immature and disorganized bone 
matrix; cartilage matrix or a mainly fibroblastic matrix may be 
prominent. However, the histologie diagnosis rests on the finding 
of malignant bone matrix formation (Fig. 16-46). (In this regard, 
the diagnosis of small cell osteosarcoma is particularly difficult 
because some patients with Ewings tumor that express EWS-Fli-1 
and show the typical translocation [11;22] [q24;ql2] may produce 
abundant osteoid, and therefore, the tumors should by définition 
on morphologie grounds be considered small cell osteosarcomas. 
In such a case, cytogenetics should take precedence and the tumor 
classified as being in the Ewing s family of sarcomas.) 

Telangiectatic osteosarcoma is a rare variant of central high- 
grade osteosarcoma characterized radiographically by a large lytic 
defect, which is usually expansile and accompanied by an exten¬ 
sive soft tissue component. Magnetic résonance imaging may show 
fluid levels similar to those seen in an aneurysmal bone cyst (Fig. 
16-47). Gross examination reveals a blood-filled cavity; and micro- 
scopically dilated vascular channels lined with multinucleated giant 
cells and an anaplastic sarcomatous stroma with évident bone for¬ 
mation (Fig. 16-48). Occasionally, this lésion may be very difficult to 
distinguish from an aneurysmal bone cyst. 

Osteosarcomas metastasize primarily hematogenously and most 
commonly to the lungs. Favorable prognostic factors include small 
or distal lésions. Conventional high-grade central osteosarcoma 


has no known association with any récurrent genetic alteration; 
most tumors possess abnormal karyotypes showing multiple struc¬ 
tural and numeric chromosome abnormalities. Alterations in the 
Rb and TPS3 pathways are common. Very rarely multicentric oste¬ 
osarcoma may also on occasion be associated with genetic dis¬ 
turbances as with Rothmund-Thompson syndrome or Blooms 
syndrome (Fig. 16-49). 

From the genetic standpoint, there is an interesting associa¬ 
tion with the inherited form of retinoblastoma. Children with this 
condition are at high risk for developing a second primary nonocu- 
lar tumor, notably osteosarcoma. Two genes hâve been implicated: 
R b (on chromosome 13) and p53 (on chromosome 17). 

Central Osteosarcoma, Low Grade 

Rarely, an intramedullary bone-forming tumor of low-grade malig- 
nancy may be encountered. Fow-grade central osteosarcoma is 
usually seen in somewhat older individuals than the conventional 
high-grade lésion, although individuals in a wide âge range may be 
affected. Men and women are equally affected. 

On imaging studies, these lésions are usually either sclerotic, 
mimicking large bone islands (Fig. 16-50), or resemble foci of soli- 
tary fibrous dysplasia (Figs. 16-51 and 16-52), or may be confused 
with an osteoblastoma. On microscopie examination, they most 
commonly hâve a fibrous stroma with rather bland-looking foci of 
bone formation similar either to the appearance of a conventional 
surface (parosteal) lésion or mimicking fibrous dysplasia. In other 
cases, a pattern suggesting osteoblastoma may be seen (Fig. 16-53). 
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FIGURE 16-44 A, Gross photograph shows a dense osteoblastic osteosarcoma in the lower end of the fémur. It has extended through the cortex into the 
soft tissue and is also présent in the epiphysis. Although epiphyseal extension is rarely seen on clinical radiographs, it is commonly présent when the resected 
specimen is examined (compare with Fig. 16-39). B, Specimen radiograph of the lésion shown in A reveals extensive bone formation (i.e., an osteoblastic 
osteosarcoma). C, A characteristic feature of osteosarcoma is the abundant mineralized matrix that infiltrâtes through the marrow spaces between the existing 
trabeculae of the bone. The malignant tumor tissue may become firmly attached to the surface of the existing bone (H&E, x 4 obj.). D, Photomicrograph shows 
an area of extensive primitive bone matrix formation that is focally calcified. Sometimes, as seen here, it is difficult to distinguish bone matrix formation from 
cartilage matrix formation (H&E, x 25 obj.). 


The key to the récognition of these lésions is the identification 
of the invasive character of the lésion, typified by the presence of 
islands of residual lamellar bone within the lésion and evidence of 
malignant tumor bone plastered onto and surrounding these islands 
of residual bone as shown in Figure 16-51D. 

In cases of low-grade central osteosarcomas, the prognosis is 
generally much better than that of the classic high-grade intramed- 
ullary osteosarcoma. However, as with other low-grade sarcomas, 
dedifferentiation may occur. 

Parosteal Osteosarcoma, Low Grade (Juxtacortical 
Ostéogénie Sarcoma) 

Most commonly, surface osteosarcoma is a low-grade, slow-growing 
neoplasm that occurs on the external surface of a bone, commonly 
on the back of the lower end of the fémur (the popliteal région) in 


patients older than 20 years of âge (Fig. 16-54). In general, this lésion 
has a much better prognosis than the classic high-grade intramed- 
ullary osteosarcoma. (However, it is important to recognize that 
some fully malignant osteosarcomas may also présent as juxtacor¬ 
tical lésions.) 

On imaging studies, the lésion appears as a large, well-circumscribed, 
generally dense juxtacortical mass, although lytic areas may be prés¬ 
ent (Fig. 16-55). The mass may be separated from the cortical bone 
by a fine, relatively lucent line. It is not usually possible to distinguish 
between high-grade and low-grade surface tumors, and the differen- 
tial radiologie diagnosis should include that of surface osteoma as well 
as of a high-grade surface lésion. 

Grossly, the tumor is firmly adhèrent to the bone and, on eut sec¬ 
tion, may exhibit bony, cartilaginous, and fibrous areas (Fig. 16-56). 
Microscopically, the lésion consists of a well-defined lobulated 
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FIGURE 16-45 A, Gross photograph of a lésion 
shows a bulky and more vascular osteosarcoma. 
Extensive soft tissue extension and involvement 
of the epiphysis may be observed. B, Specimen 
radiograph demonstrates that in the anterior 
part of the tumor the lésion is purely lytic, that 
is, without calcified bone formation. Posteriorly, 
bone formation has occurred, and the newly 
formed bone spiculés are oriented at right 
angles to the surface of the bone, producing 
a sunburst pattern. A well-defined Codman's 
triangle is apparent at the upper end of the 
lésion anteriorly. C, Low-power photomicrograph 
of tissue from this tumor shows a cellular 
pleomorphic tumor that is producing a 
noncalcified collagenous matrix; focally, this 
matrix has the appearance of primitive bone 
(H&E, x lOobj.). 





FIGURE 16-46 A, Photomicrograph of an intraosseous tumor principally characterized by packed small, round spindled cells, a small cell osteosarcoma. 

As can be appreciated in this photograph, fine spiculés of bone matrix are being formed by the tumor cells in one focus at the left-hand edge of the 
photograph (H&E, x 25 obj.). B, Photomicrograph of a small cell osteosarcoma. Note the regular Ewing-like cells with only small wisps and islands of matrix 
production (H&E, x 25 obj.). 
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FIGURE 16-47 A, In this magnetic résonance imaging scan there is an aggressive mass in the distal fémur extending from the epiphysis proximally for 14 cm. 
There is a large posterior soft tissue mass, which is mostly cystic with areas of lower signal that may be related to calcification or clôt formation. B ( In cross- 
sectional images, multiple fluid-fluid levels were présent. 


mass, with extensive bone and (occasionally) cartilage formation. 
Most tumors contain a bland, well-differentiated fibrosarcomatous 
stroma (Fig. 16-57). 

The treatment of choice is surgical removal of the mass. However, 
because in many cases intramedullary extension of the lésion has 
occurred, excision with the attached cortex may not be adéquate 
treatment. Rarely, these lésions may undergo dedifferentiation 
(Fig. 16-58). 

Genetic studies of low-grade parosteal osteosarcoma frequently 
demonstrate ring chromosomes containing sequences from the 
long arm of chromosome 12. Amplification of 12q sequences 
has also been demonstrated in some cases of low-grade central 
osteosarcoma. 

Surface Osteosarcoma, High Grade 

It should not be assumed that because a bone-forming lésion has 
a juxtacortical location it necessarily has a better prognosis. On 
microscopie examination, the features of a malignant parosteal 
osteosarcoma are those of a high-grade central lésion. In a high- 
grade lésion with an intramedullary component, it can sometimes 
be difficult to décidé whether a particular case is a surface lésion or 
a central lésion with a large soft tissue component. 


Periosteal Osteosarcoma 

Periosteal (peripheral) osteosarcoma is a rare, predominantly carti- 
lage-forming osteosarcoma characterized on imaging studies by ill- 
defined swelling and formation of periosteal new bone, which often 
has a sunburst appearance. The lésion usually occurs at the midshaft 
of the fémur or tibia in children. It is usually small at the time of pré¬ 
sentation (Fig. 16-59), although larger lésions may be encountered. 
The microscopie appearance shows abundant cartilage formation 
and a cellular stroma (Fig. 16-60). However, malignant bone matrix 
formation is présent and distinguishes the lésion from a juxtacorti¬ 
cal chondroma or chondrosarcoma. 

Intracortical Osteosarcoma 

Cases of osteosarcoma that hâve an intracortical origin hâve been 
only rarely described. One such case of intracortical osteosarcoma is 
illustrated in Figure 16-61. Intracortical osteosarcomas may be and 
hâve been mistaken for an osteoid osteoma. 

Treatment of Osteosarcoma 

Whereas low-grade osteosarcoma rarely metastasizes and can 
be treated with surgery alone, high-grade tumors are much more 
aggressive and regularly spread to lungs. Standard therapy for high- 
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FIGURE 16-48 A, Gross photograph of a telangiectatic osteosarcoma at the lower end of the fémur. Note the extremely hémorrhagie appearance of this tumor, 
which on radiographie examination, appeared completely lytic. B, Low-power photomicrograph of this telangiectatic osteosarcoma. Septae of cellular tissue are 
separated by large blood-filled spaces. At this magnification, the lésion can easily be confused with an aneurysmal bone cyst (H&E, x 4 obj.). C, Higher power 
view of one portion of the tumor illustrated in B demonstrates the anaplastic malignant quality of the tumor tissue with tumor bone formation. Such tissue may 
be difficult to find in a telangiectatic osteosarcoma and must be carefully looked for in this type of hémorrhagie tumor (H&E, x 10 obj.). D, Higher power view 
shows anaplastic cells (H&E, x 25 obj.). 


gracie osteosarcoma includes a combination of preoperative neo- 
adjuvant chemotherapy followed by limb-sparing surgery when 
technically feasible. Postchemotherapy resection specimens are rou- 
tinely assessed for extent of tumor necrosis because those patients 
with a good treatment response (90% or greater tumor necrosis) 
hâve a superior prognosis. 

PAGETS SARCOMA 

Rarely, individuals with Pagets disease, usually advanced polyosto- 
tic disease, develop sarcoma. However, on rare occasions sarcoma 
may occur in patients with nonsymptomatic monostotic disease 
(for example, in a single vertébral body, see Fig. 7-36). The pre- 
senting symptom is likely to be localized pain, which is sometimes 


associated with a pathologie fracture. Typically the patients are 
older than 50 years of âge. The most common sites are the humérus, 
fémur, and pelvis. 

The tumor most frequently associated with Pagets disease is oste¬ 
osarcoma (Fig. 16-62), although occasionally other patterns of sar¬ 
coma (e.g., chondrosarcoma, malignant fibrous histiocytoma) may 
be encountered. The prognosis for neoplasms arising in patients 
with Paget s disease is poor. 

Rarely, a benign giant cell tumor, often in the facial bones, occurs 
in a patient with Pagets disease and even metastatic disease or mul¬ 
tiple myeloma can occur. For these reasons, it should not be assumed 
that because a patient with Pagets disease has evidence of a tumor 
associated with the disease that the tumor is necessarily a sarcoma 
(see also Figs. 7-37 and 7-38). 
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FIGURE 16-49 A, A radiograph shows a destructive lésion of the distal end of the proximal phalanx with soft tissue invasion in this adolescent girl with a 
clinical diagnosis of Rothmund-Thompson syndrome. B, Photomicrograph of the lesional tissue obtained from the lésion demonstrated in A.There are foci of 
immature bone formation, and the cellular components show pleomorphic nuclei.This was interpreted as osteosarcoma, although there were considérable 
différences in the expert opinions that were obtained (H&E, x 25 obj.). C, Computerized axial tomogram through the right knee of the same patient. The patella 
is extremely dense, and an osseous mass is seen in the prepatellar région. The linear defects in the anterior part of the patella represent the area of the biopsy. 

D, Gross photograph of the articular surface of the patella resected at a later date with surrounding soft tissue. Adjacent to the patella is a tan nodule, which 
represents part of the soft tissue extension of the patellar tumor. Resection of the tumor was delayed because of différences of opinion in the interprétation 
of the original biopsy. Resection was performed only after obvious soft tissue extension. E, Photomicrograph of the patellar lésion showing sclerosing 
osteosarcoma of poor cellularity, which is invading the marrow space and is plastered onto the surface of residual trabecular bone within the medullar cavity 
(H&E, x 10 obj.). 
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FIGURE 16-49—CONT'D F, Photomicrograph of the same field shown 
in E, photographed in polarized light, demonstrates the irregular woven 
appearance of the collagen matrix produced by the tumor bone.The lamellar 
pattern of the residual bone is clearly seen. 

RADIATION SARCOMA 

Osteosarcoma, fibrosarcoma, and malignant fibrous histiocytoma 
are the most commonly diagnosed radiation-induced sarcomas. The 
tumors présent in the radiation field and the most commonly treated 
lésions that give rise to postirradiation sarcomas are gynécologie 
cancer and breast cancer (Fig. 16-63). Among primary bone lésions 
that hâve been treated by radiation therapy, giant cell tumors seem 
to be particularly associated with postirradiation sarcoma. 

The time interval between radiation and the diagnosis of postirra¬ 
diation sarcoma may be as long as 40 years, but the average is around 
10 to 12 years. Although latencies of 3 years or less are uncommon, 
the combination of radiation with chemotherapy seems to shorten 



FIGURE 16-50 Latéral radiograph of a knee shows a large intramedullary 
sclerotic lésion that has a spiculated periphery suggestive of a large bone 
island. On biopsy, this lésion proved to be a low-grade osteosarcoma. 
(Courtesy of Dr. Lauren Ackerman.) 

the interval to sarcoma development. The incidence of sarcomatous 
degeneration appears to be related to the dose given and the vast 
majority of cases hâve received a radiation dose of more than 3000 
rad and some much more than that. In general, radiation sarcomas 
behave in a highly malignant way. 



FIGURE 16-51 Anteroposterior (A) and latéral (B) views of the leg in a young patient who reported vague pain around the ankle.The radiograph shows an 
ill-defined sclerotic lésion involving the distal diaphysis and metaphysis of the tibia. The initial impression was that this represented fibrous dysplasia. However, 
a biopsy proved it to be a low-grade osteosarcoma. C, Gross photograph of a longitudinal section of the tibia in the case illustrated in A and B.There is an 
intramedullary mass characterized by firm pink-gray tissue, the upper margin of which is well delineated from the bone marrow. 


(Continued) 
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FIGURE 16-51—CONT'D D, Photomicrograph of the lésion illustrated in 
C.The fibrous stroma, although somewhat cellular, has a relatively bland 
appearance. However, islands of bone are being formed by the tumor, and 
significantly, this bone is seen surrounding residual trabecular bone.This was a 
feature of the case and is not seen with fibrous dysplasia.The diagnosis was 
a low-grade osteosarcoma (H&E, x 4 obj.). 



FIGURE 16-52 Photograph of a low-grade fibrous osteosarcoma in the distal 
fémur. Note the cortex has been eroded and the overlying periosteum is 
being elevated. 



FIGURE 16-53 A, An anteroposterior radiograph of the pelvis shows a fairly well defined radiodense lésion abutting the sacroiliac joint on the left side. 

B, A computed tomography scan reveals a bone-forming tumor, which appears in this eut to be confined to the bone C, and this is confirmed by a magnetic 
résonance imaging scan (MRI). D, In another MRI scan, the tumor is seen pushing the sacroiliac joint, but there is no evidence of extension into the sacrum. 

(Continued) 
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FIGURE 16-53—CONT’D E, A photograph of the resected ilium shows the 
bony nature of the tumor. At the margins, there is slight irregularity as the 
tumor invades the marrow space (the hole in the tumor is the site of biopsy). 
F, Photomicrograph at low magnification shows a bone-forming tumor with 
a vascularized cellular fibrous stroma (H&E, x 4 obj.). G, The blandness of the 
tumor is emphasized in this field. However, note the absence of a prominent 
rim of osteoblasts that is generally seen in an osteoblastoma, which would 
be the differential diagnosis in this case. Furthermore, there is some atypia 
and loss of an organized pattern in the fibrous stroma (H&E, x 10 obj.). 

H, Better seen in the somewhat higher magnification (H&E, x 10 obj.). I, 
However, the best evidence of malignancy is the stuccoing of tumor bone on 
fragments of the normal lamellar bone (H&E, x 4 obj.) 
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FIGURE 16-53—CONT'D (J), seen here at higher magnification (H&E, x 10 obj.). 





FIGURE 16-55 A, Latéral radiograph of the knee demonstrates a sclerotic 
bone-forming tumor involving the lower end of the fémur. In this view, 
it is not possible to détermine the involvement of the bone itself. B, 
Computerized axial tomograms of the lésion shown in A demonstrate 
that the tumor is entirely confined to the periphery of the bone, with no 
involvement of the intramedullary bone. (Courtesy of Dr. Leonard Kahn.) 


FIGURE 16-54 Location and âge distribution of juxtacortical osteosarcoma. 
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FIGURE 16-56 A, Gross photograph of the lower end of the fémur resected from a patient with a juxtacortical osteosarcoma. A large mass is présent on the 
cortex of the bone just above and between the two fémoral condyles.This location is typical for juxtacortical osteosarcoma. B, Gross photograph of a sagittal 
section through the lésion shown in A demonstrates that the lésion is well encapsulated and formed of bone-producing tissue. As in the case shown here, 
the lésion frequently extends for a short distance through the cortex into the medullary cavity. For this reason, when surgical treatment of a juxtacortical 
osteosarcoma is planned, medullary extension should be carefully sought and taken into account if local récurrence is to be prevented. C, Radiograph of the 
specimen in B. A low-grade juxtacortical osteosarcoma, as shown here, may contain a large area of tumor that is either purely fibrous or cartilaginous, and 
therefore radiolucent. 



FIGURE 16-57 A, Low-power photomicrograph of a juxtacortical osteosarcoma shows the typical appearance of a heavily collagenized fibrous matrix with 
irregular trabeculae of bone (H&E, x 4 obj.). B, Higher power photomicrograph shows the cellular, though unremarkable, fibrous stroma of a juxtacortical 
osteosarcoma with islands of bone tissue (H&E, x 25 obj.). 




FIGURE 16-58 A, Ayoung adult woman reported recent left shoulder pain. A radiograph reveals an extremely dense bone-forming tumor that, although 
not obvious from this single view, is probably a surface lésion. Additionally there is a destructive lésion affecting the humerai head. B, A section through the 
resected humérus shows a dense surface lésion and in addition an intramedullary lésion that is destroying the latéral cortex. C, A specimen radiograph clearly 
distinguishes the dense surface lésion, which has a radiolucent line between much of the tumor and the cortex, and the destructive intramedullary component. 
D and E, Photomicrographs of the dense osteoblastic surface tumor shows the classic pattern of a low-grade parosteal osteosarcoma. 
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FIGURE 16-58—CONT'D F and G, Photomicrographs of the intramedullary portion of the tumor reveals the anaplastic dedifferentiated tumor tissue in the 
intramedullary cavity. Although uncommon, low-grade osteosarcoma, either on the surface or as a central lésion, may dedifferentiate into a high-grade sarcoma. 
H, Another field showing cellular anaplastic tumor (H&E, D x 4 obj.; E x 10 obj.; F x 4 obj.; G x 10 obj.; H x 10 obj.). 



FIGURE 16-59 Radiograph of a 14-year-old boy who reported pain in 
the upper part of the leg. In the proximal tibial diaphysis is a peripheral 
lésion apparently confined to the surface of the bone. It is composed of 
an irregular bone-forming lésion, and there is reactive periosteal new bone 
both superiorly and inferiorly. Histologie examination proved this to be a 
cartilage-rich periosteal osteosarcoma. 
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FIGURE 16-60 A, Anteroposterior radiograph of the lower fémur of a 13-year-old girl with a short history of a painless growing mass in the right distal fémur. 
B, Cross-sectional computed tomography scan confirms that this is mainly a surface tumor. C, Gross photograph of a longitudinal section through the lower 
end of the fémur demonstrates a large surface tumor composed of gray-white glistening tissues and admixed bone. D, Radiograph of the dissected specimen 
demonstrates the extent of bone formation in the tumor. E to G, Microscopie examination reveals a principally cartilaginous malignant tumor with scant bone 
formation typical of a periosteal osteosarcoma (H&E, E x 4 obj.; F x 10 obj.; G x 25 obj.). (Courtesy of Dr. Leonard Kahn.) 
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FIGURE 16-61 A, A teenage boy reported pain in the shin.The resected specimen demonstrates a tumor confined to the cortical area of the bone. 

B, A radiograph shows marked cortical thickening with a dense intracortical lésion, which was interpreted as an osteoid osteoma. A biopsy showed an 
osteosarcoma. C, Histologie section shows an osteosarcoma confined to the cortex of the bone (H&E, x 1 obj.). D, Close-up view of the tumor (H&E, x 25 obj.). 
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FIGURE 16-62 A, Radiograph of a 65-year-old man, who presented with severe pain in the upper end of the right humérus, shows a large destructive and 
sclerotic tumor in the upper end of the humérus extending into the soft tissue. Note that the cortex of the bone below the tumor is thickened and indistinct, 
characteristic of Paget's disease. B, Sagittal section through the humérus of the patient shown in A shows a large destructive tumor at the upper end. The 
tumor has extended through the cortex into the soft tissue. (Often, sarcoma in Paget's disease occurs in the midshaft of the bone, and this finding contrasts 
with that of primary osteosarcoma, which is more often seen in the metaphysis.) Note the thickened hyperemic cortical bone involved by Paget's disease. 

C, Photomicrograph of tissue removed from the patient in B. On the left is pagetoid bone; on the right, a cellular bone-forming tumor (H&E, x 4 obj.). 
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FIGURE 16-63 Computerized axial tomogram through the sacroiliac joint 
of a 52-year-old woman shows an expanding and destructive bone-forming 
tumor involving the left ala of the sacrum. Biopsy confirmed the diagnosis of 
sarcoma secondary to previous irradiation of a cervical carcinoma. 
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Ernest Amory Codman (1869-1940). Codman, a 
native of Boston, was educated at St. Marks School, 
Harvard College, and Harvard Medical School (MD, 
1895). An early worker with x-rays, he practiced sur- 
gery from 1905 on, specializing in diseases of the 
bones and joints. He became an authority on bone 
tumors and diseases of the shoulder, and he later 
established a registry of bone sarcoma. His book on 
The Shoulder , first published in 1934 is a classic. Cod¬ 
man wrote: “We believe it is the duty of every hospi¬ 
tal to establish a follow-up System, so that as far as 
possible the resuit of every case will be available at 
ail times for investigation by members of the staff, 
the trustées, or administration, or by other autho- 
rized investigators or statisticians.” (Courtesy of the 
National Library of Medicine, photograph négative 
No. 64-73.) 

William Bradley Coley (1862-1936). Coley was 
born in Westport, Connecticut, entered Yale College in 
the fall of 1880, graduated Harvard Medical School in 
1888, and was appointed an intern on the surgical ser¬ 
vice of the New York Hospital. Even at that early date, 
he showed a keen interest in the subject of sarcoma, 
following a case that made a very deep impression 
upon him. This was a four times récurrent, apparently 
inopérable sarcoma of the neck that had apparently 
entirely disappeared following an attack of facial ery- 
sipelas. After considering expérimentation, a prépa¬ 
ration consisting of the killed cultures of erysipelas 
combined with the Bacillus prodigiosus was produced, 
which was found to hâve a marked inhibitory influence 
upon certain types of malignant tumors, especially sar¬ 
coma. This préparation was known as Coley s toxin. 
Most of Dr. Coley s work with inopérable malignant 
tumors was carried on at the Memorial Hospital, an 
institution with which he was connected for more than 
40 years. After serving as associate and then attending 
surgeon at the Hospital for the Ruptured and Crippled, 
New York, in 1924 Dr. Coley was appointed Surgeon- 
in-Chief at that institution, a position he held until 
1931. (Courtesy of Dr. David Levine.) 
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This chapter deals with those benign and malignant tumors in which 
a cartilaginous extracellular matrix is formed by the neoplastic cells. 
Occasionally, foci of bone matrix are seen in tumors that are essen- 
tially cartilaginous, but in these cases, the bone is reactive rather 
than having been formed by the neoplastic cells. 


Benign Tumors 


OSTEOCHONDROMA (OSTEOCARTILAGINOUS 
EXOSTOSIS) 

Osteochondroma, a cartilage-capped outgrowth from the bone, is a 
common nonfamilial developmental condition, with the majority of 
cases presenting clinically in the first 2 décades of life. It is approxi- 
mately 1.5 times more common in men than in women (Fig. 17-1). 




FIGURE 17-1 Location and âge distribution of solitary osteocartilaginous 
exostosis. 


It has been proposed that sporadic osteochondromas resuit from 
the herniation and séparation of a fragment of epiphyseal growth 
plate cartilage through the periosteal bone cuff that normally sur¬ 
rounds the growth plate (Fig. 17-2). Persistent growth of the herni- 
ated cartilage fragment and its subséquent endochondral ossification 
resuit in a cartilage-capped subperiosteal bony projection from the 
cortex. The most common sites of occurrence are metaphyses of 
the long bones, usually the lower end of the fémur and upper end of 
the tibia. However, involvement of the fiat bones, ilium, and scapu- 
lae occurs in about 5% of patients. Osteochondromas of the spine 
are rare. Rarely, osteochondromas may arise in children following 
radiation therapy. 

On imaging studies, the lésions appear as either a flattened (sessile) 
or a stalk-like (exostotic) protubérance on the bone shaft in a juxtaepi- 
physeal location. The bony component is contiguous with the adja¬ 
cent cortical bone and generally points away from the adjacent joint 
(Figs. 17-3 to 17-5). On imaging, the stalk merges imperceptibly with 
the adjacent bone cortex. 



FIGURE 17-2 Histologie section taken from a normal 12-week-old fétus. 
On the left is the epiphyseal cartilage and the underlying bone metaphysis. 
To the right of the epiphysis is a thin layer of periosteal bone that forms a 
cuff around the epiphysis, which is important to the mechanical integrity of 
the epiphyseal growth plate cartilage during development (H&E, x 40 obj.). 
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FIGURE 17-3 A, Radiograph of the metaphyseal end of a distal fémur in a young patient shows a focal eccentric irregularity on the cortex, with a lucent 
cap. The margins of the lésion are contiguous with the surrounding cortex. B, Photograph of the specimen removed from the fémur seen in A. An irregular, 
cauliflower-like, bluish gray cartilage mass overlies the cortical bone. C, Cross-section of the specimen demonstrates that the lésion seen radiologically is 
contiguous with the surrounding cortex but is capped by a thin layer of bluish gray cartilage. 


An excised osteochondroma from a child or adolescent is usually 
an irregular bony mass with a bluish gray cartilaginous cap resem- 
bling a cauliflower; the base of the lésion consists of a rim of corti¬ 
cal bone with central cancellous bone. On eut section, the cartilage 


cap varies in thickness and may show areas with an opaque yellow 
appearance due to calcification within the cartilage matrix. 

On microscopie examination, the cartilaginous cap resembles 
normal growth plate but has a somewhat disorganized structure. 



FIGURE 17-4 A, Clinical radiograph of a pedunculated osteochondroma in the distal fémur of a young patient. Characteristically, the stalk points away 
from the adjacent joint surface, and the cortex of the osteochondroma is contiguous with the fémoral cortex. Surface (B) and cross-section (C) of the 
osteochondroma removed from the patient seen in A. The cartilage cap varies considerably in thickness. 

(Continued) 
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FIGURE 17-4—CONTD D, Anteroposterior radiograph of young person with 
a nonossifying fibroma in the fémur and an osteochondroma of the upper tibia 
seen en face. 



FIGURE 17-5 Anteroposterior radiograph (A) of the lower cervical spine shows a well-corticated bubbly expansile lésion latéral to the latéral masses of C4 and 
C5, which proved to be an osteochondroma. A computed tomography section (B) through C-4 shows an expansile lésion extending from the left latéral mass. 
The cortex is thick and is contiguous with that of the pedicle.The neural foramina and spinal canal are uninvolved.The matrix is similar to that of a medullary 
cavity with coarse trabeculations. (From Novick GS, Pavlov H, Bullough PG: Osteochondroma of the cervical spine: Report of two cases in preadolescent males. 
Skeletal Radiol 1982;8:13-15. Reproduced by permission from Springer Science + Business Media.) 


However, no cellular atypia should be présent. The surface is cov- 
ered with a thin layer of fibrous periosteum (Fig. 17-6). The older 
the patient, the thinner the cartilaginous cap becomes and after 
adolescence and closure of the growth plates there is usually no 
further growth of the osteochondroma. Frequently a bursa forms 
over the cartilage cap. 

The lésion may recur if it is inadequately excised, and this is 
particularly a problem with sessile lésions in which a part of the 
cartilage cap may be left behind. In very rare cases, a malignant 
tumor (usually a chondrosarcoma) may be engrafted onto the 
lésion. 


MULTIPLE OSTEOCHONDROMAS (HEREDITARY 
MULTIPLE OSTEOCARTILAGINOUS EXOSTOSES) 

Cases of multiple osteocartilaginous exostoses are rare (Fig. 17-7). 
Inherited as an autosomal dominant trait, it is associated with muta¬ 
tions in the exostosin-1 (EXT1) and exostosin-2 (EXT2) genes. If the 
condition is caused by a mutation in the EXT1 gene, it is called heredi- 
tary multiple exostoses type 1. A mutation in the EXT2 gene causes 
hereditary multiple exostoses type 2. Although both type 1 and type 2 
involve multiple exostoses, the severity of symptoms associated with 
exostoses seems to be greater in type 1. It is estimated that about 15% 





FIGURE 17-6 A, A histologie préparation of a pedunculated osteochondroma from a young patient shows a thick proliferating cartilage cap overlying poorly 
organized cancellous bone. Irregular endochondral ossification is évident at the base of the cartilage cap (H&E, x 1 obj.). B, Low-power magnification of the 
surface shows the cellularity of the cartilage cap and the covering of periosteum (H&E, x 4 obj.). C, Higher magnification of the cap reveals the disorganized 
pattern with a vaguely columnar arrangement of chondrocytes similar to that in normal physis (H&E, x 25 obj.). D, Photomicrograph of the cartilage cap at the 
margin of the exostosis demonstrates the reflected layer of the periosteum over the exostosis, and the irregularity of the chondrocytes within the cartilage cap. 
Endochondral ossification is apparent at the base of the cap (H&E, x 10 obj.). 



FIGURE 17-7 A, Radiograph of an adolescent boy with hereditary multiple exostoses. Note the short, wide, deformed fémoral necks, on which can be seen 
several exostoses. B, Radiograph of the forearm of the patient shown in A. Note multiple exostoses, with shortening and deformity of the forearm associated 
with malformation of the distal ulna. 
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FIGURE 17-8 A,This computed tomography scan of the pelvis in a 36-year-old man with known multiple exostoses reveals a large calcified mass on the wing 
of the ilium, which had been increasing in size. B, Transected specimen removed from the patient shown in A. Note the thick cartilage cap on the surface and 
the extensive calcification (calcified cartilage) within the irregular bosselated lésion. C, Radiograph of the specimen shown in B again reveals the thick cartilage 
cap and extensive calcification of the cartilage matrix. D, Photomicrograph of the cartilage cap in the specimen shown in A, B, and C.The cartilage cap is 
covered with a dense fibrous capsule, seen in the lower right corner, and the cartilage matrix is filled with crowded viable chondrocytes. The finding of a thick, 
active cartilage cap on an exostosis in a skeletally mature individual (especially if the lésion has a history of recent growth) should alert the clinician and the 
pathologist to the possibility of malignant transformation (H&E, x 10 obj.). 


of people with hereditary multiple exostoses hâve no mutation in 
either the EXT1 or the EXT2 gene. Exostosin proteins are involved in 
heparin sulfate proteoglycan synthesis, which plays an important rôle 
in regulating prolifération at the cartilaginous growth plate. 

The patients présent with disfigurement or with pain induced by 
pressure on surrounding soft tissue structures. Individual lésions are 
similar to solitary osteochondromas on imaging studies, grossly, and 
microscopically, although usually the multiple lésions are more dis- 
organized in structure and tend to hâve bosselated cartilage caps. 

The significance of this disorder for the surgeon lies in the ongo- 
ing management of the multiple lésions; especially because the inci¬ 
dence of malignant transformation, compared with that in solitary 
osteochondromas, is much higher (about 10%). A lésion with sus- 
pected malignant transformation is shown in Figure 17-8. 

DYSPLASIA EPIPHYSEALIS HEMIMELICA 
(OSTEOCHONDROMA OFTHE EPIPHYSIS; 

TREVOR'S DISEASE) 

Dysplasia epiphysealis hemimelica is a nonfamilial developmen- 
tal disorder of the skeleton, usually manifested in young children 
who présent with unilatéral irregular enlargement of an epiphysis 
(Fig. 17-9). The disorder most commonly involves the epiphyses 


of the lower fémur, the upper tibia, or the talus. Although it is 
a benign condition, varus or valgus deformities of the limb may 
develop. Surgical excision is the treatment of choice. 



FIGURE 17-9 Radiograph of a child with an eccentrically enlarged, irregular, 
capital fémoral epiphysis due to an epiphyseal osteochondroma (Trevor's disease). 
It is important not to confuse this condition with Legg-Calvé-Perthes disease. 
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FIGURE 17-10 A, Radiograph showing a large ossifying protubérance arising in the médial fémoral condyle of a patient with Trevor's disease. B, A computerized 
axial tomogram through the left médial fémoral condyle shown in A demonstrates the origin of the lésion from the underlying bone. C, A gross photograph 
of the resected specimen of the lésion shown in B. Note the cartilaginous appearance of the lésion, which has focal ossification at its periphery and is partially 
covered by a fibrous membrane. D, Photomicrograph of a portion of the cartilage cap on the articular surface demonstrated in C, showing the increased 
irregular cellularity of the lesional cartilage (H&E, x 10 obj.). 


When excised and examined microscopically, the lésion some- 
what resembles an osteochondroma, with a cartilage cap of disorga- 
nized cartilage, as compared with the surrounding articular cartilage. 
Underlying the cartilage cap there is endochondral ossification, and 
normal progression of cancellous bone formation (Fig. 17-10). 

ENCHONDROMATOSIS (OLLIER'S DISEASE) 

Ollier s disease is a rare developmental abnormality that appears to 
hâve no familial association and is believed to be a random sponta- 
neous mutation. It usually présents in early childhood and is charac- 
terized by scattered clones of immature chondrocytes within those 
parts of the skeleton that develop through the process of endo¬ 
chondral ossification (Fig. 17-11). Characteristically, multiple car¬ 
tilaginous tumors, either central or subperiosteal, and ranging from 
microscopie foci to bulky masses, appear throughout the epiphyses, 
metaphyses, and diaphyses of the affected bones (Fig. 17-12). Their 
distribution is most often unilatéral and confined to one limb. 

Imaging studies reveal multiple lucent lésions, often within 
deformed or shortened bone. A short ulna, as is also seen in asso¬ 
ciation with multiple exostoses, is not uncommon. Stippled calcifi¬ 
cation within the tumors is common, and occasionally the affected 
bone may hâve a striated appearance (Fig. 17-13). 

The histologie features of these lésions somewhat resemble those 
of solitary enchondromas (vide infra), but in enchondromatosis, the 


tumors are more cellular, frequently myxoid and, in general, hâve a 
more ominous appearance (Fig. 17-14). Malignant transformation 
(rare in solitary enchondromas) is reported to occur in approxi- 
mately one third of cases and seems to be particularly common in 
Maffucci’s syndrome, a condition characterized by the occurrence 
of multiple enchondromatosis in association with soft tissue heman- 
giomas, including viscéral and spindle cell hemangiomas (Fig. 17-15; 
see also Fig. 21-47). 


Benign Neoplasms 


ENCHONDROMA 

Enchondroma is a relatively common, often asymptomatic, benign 
intramedullary cartilaginous neoplasm, which most often présents 
clinically in the short tubular bones of the hands and feet of adults; 
rarely, they are in the long bones usually as an incidental finding 
(Fig. 17-16). 

When they are in long bones or in the axial skeleton, they may 
be very difficult to distinguish from low-grade chondrosarcoma. 
Indeed such différentiation can be among the most difficult prob- 
lems in bone tumor pathology. However, chondrosarcoma in long 
bones is more likely to resuit in pain and on imaging studies to 
show endosteal scalloping and cortical thickening. On microscopie 
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FIGURE 17-11 Histologie section of the cartilaginous end of a bone in a 
young child with enchondromatosis. Proliferating clones of markedly atypical 
chondrocytes are seen within the articular surface, thus demonstrating 
that this condition arises from abnormal clones of chondrocytes within the 
cartilage anlage of the affected limb (H&E, x 10 obj.). 

examination, invasion of the tumor into the medullary spaces leav- 
ing embedded trabecular bone within the tumor is good evidence of 
malignancy. In general, small peripheral cartilage tumors are usually 
benign, whereas large axial tumors are more likely to be malignant. 



FIGURE 17-13 Radiographs of the hands of a young person with bilateral 
involvement of Ollier's disease. 


In short tubular bones, an enlarging lésion may fracture, and this 
complication is a common reason for clinical présentation. Rarely, 
an eccentric chondroma may cause bulging of the cortex. (This 
appearance has been referred to as enchondroma protuberans.) 

On imaging studies enchondroma usually appears as a well-delin- 
eated solitary lucent defect in the metaphyseal région of the bone 
and in the small tubular bones, most of the shaft is usually involved. 
The cortex is generally intact unless a fracture through the weak- 
ened bone has occurred (Fig. 17-17). Calcification is usually présent 
in the lésion, appearing as fine, punctate stippling or small broken 
rings of radiodensity (Fig. 17-18). In long bones, when calcification 
is pronounced, the radiograph may be suggestive of a bone infarct; 
however, in general, a bone infarct shows peripheral calcification 
that more resembles a coil of smoke. 



FIGURE 17-12 A, Radiograph of the lower limbs in a patient with multiple enchondromas.Typically, the lytic lésions are most prominent in the metaphysis and 
hâve a striated appearance. However, the lésions also affect the epiphysis and the periosteal surfaces, and may resuit in bone shortening as well as deformity 
of the articular ends. In the coronal section of a fémur (B) and tibia (C) involved by enchondromatosis, replacement of the cancellous portion of the bone with 
circumscribed grayish blue nodules. Note that in addition to the metaphysis and diaphysis, the epiphysis and periosteal surface are also affected by the disease. 
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FIGURE 17-14 A, Low-power photomicrograph of the articular end of a bone from a patient with multiple enchondromatosis demonstrates a cartilaginous nodule 
extending up to the articular surface. Note the lobular arrangement of the cartilage and the lesion's bony rim (H&E, x 1 obj.). B, Photomicrograph of a portion of the 
lésion shown in A demonstrates the lobular and cellular appearance of the cartilaginous nodules in enchondromatosis.These lésions usually exhibit more cellularity than 
is seen in solitary enchondromas (H&E, x 10 obj.). C, Higher power view shows the myxoid appearance of the tumor with crowded stellate cells (H&E, x 25 obj.). 



FIGURE 17-15 A, Radiograph of a hand in a patient with multiple enchondromas reveals many calcified phleboliths in association with soft tissue 
hemangiomas.This combination of soft tissue hemangiomatosis and enchondromatosis is known as Maffucci's syndrome. B, In the right fémur of this 
patient with Maffucci's syndrome, a large chondrosarcoma has developed. 
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Age at clinical présentation (years) 

FIGURE 17-16 Location and âge distribution of solitary enchondroma. 


Gross examination of an enchondroma in situ reveals bluish 
gray lobules of firm, translucent tissue. On microscopie examina¬ 
tion, these lobules are composed of proliferating nests of carti¬ 
lage cells without obvious atypia. Foci of calcification are usually 
présent, and a thin layer of lamellar bone rimming the cartilage 
nodules is sometimes observed. Occasionally, evidence of endo- 
chondral ossification is seen. Invasive infiltration of the bone 
marrow spaces is not a characteristic of benign enchondromas, 
and this is probably the most helpful microscopie feature in dis- 
tinguishing an enchondroma from a low-grade chondrosarcoma. 



FIGURE 17-17 Radiograph of a hand shows a well-defined lytic lésion with 
small punctate calcifications in the proximal phalanx of the ring finger. This 
appearance is characteristic of enchondroma. At the proximal end of the 
lésion is a line of density suggesting a fracture through the tumor. 

Rarely, a chondrosarcoma develops in a pre-existing enchon¬ 
droma, usually in long tubular bones (Fig. 17-19). 

The examination of cross-sections of a large number of surgi- 
cally removed fémoral heads in our expérience occasionally reveals 
small nodules of cartilage, which are usually less than 1 cm in diame- 
ter. Such nodules are perhaps best regarded as benign cartilage rests 
(Figs. 17-20 and 17-21). 

JUXTACORTICAL CHONDROMA 
(PERIOSTEAL CHONDROMA) 

Juxtacortical chondroma is a benign cartilaginous lésion charac- 
terized by its location on the metaphyseal cortex of both long and 
short tubular bones. On imaging studies, a cup-shaped or scal- 
loped cortical defect with a sclerotic margin is usually évident; the 
lésion, which is rarely more than 3 to 4 cm in diameter, typically 
has overhanging edges (Fig. 17-22). On gross inspection, juxta¬ 
cortical chondroma is a well-circumscribed lésion that is partially 
embedded in cortical bone and covered by the periosteum. Its eut 
surface is grayish white or bluish and lobulated. When examined 
microscopically, the proliferating chondrocytes show minimal 
pleomorphism and nuclear abnormalities. Although limited exten¬ 
sion into adjacent cortex may be seen, pénétration through cor¬ 
tex into medullary cavity suggests a juxtacortical chondrosarcoma. 
Focal calcification and ossification may occur within the cartilage 
(Fig. 17-23). 

The treatment of a juxtacortical chondroma is en bloc resection. 

CHONDROBLASTOMA 

Chondroblastoma is an uncommon, benign cellular calcifying giant 
cell neoplasm most often located in the epiphysis of long bones, and 
usually diagnosed in the patient s second decade of life. 
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FIGURE 17-18 Anteroposterior (A) and latéral (B) radiographs of a 
52-year-old man with pain in the knee joint show a heavily calcified 
intramedullary lésion in the lower end of the fémur. There were no 
apparent symptoms related to this lésion. Histologie examination revealed 
a heavily calcified cartilage tumor, interpreted as an enchondroma. 

C, Photomicrograph of the lésion shown in A and B reveals a calcified 
cartilaginous lésion. The cartilage cells are uncrowded and unremarkable 
(H&E, x 10 obj.). D ( Frequently in enchondroma, the cartilage lobules are 
surrounded by a narrow rim of bone, as shown in this photomicrograph 
(H&E, x 25 obj.). E ( In this specimen radiograph of an enchondroma of the 
distal fibula, the typical radiographie features of an enchondroma are well 
illustrated. 
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FIGURE 17-19 Photomicrograph demonstrates the development of a 
chondrosarcoma in a patient with pre-existing enchondroma. In the upper center 
part of the photomicrograph, a heavily calcified enchondroma is apparent. In the 
left and right parts, a cellular myxoid chondrosarcoma is présent (H&E, x 4 obj.). 

The characteristic findings on imaging studies include a well- 
demarcated, often lobulated lucent defect with mottled calcification, 
located in the epiphysis and sometimes extending into the metaphy- 
sis of long bones (Figs. 17-24 and 17-25). The cortical bone may be 



FIGURE 17-20 Gross photograph of a fémoral head resected for 
osteoarthritis. A small cartilage rest is présent in the neck of the fémur. Note 
the glistening, lobulated, bluish white appearance of the cartilaginous tissue. 


intact or expanded. The lésion has a prédilection for the upper end of 
the humérus, the upper and lower ends of the fémur, and the upper 
end of the tibia, and in most cases the diagnosis can be made with 
some confidence from the radiographs because of the characteristic 
location and the patients âge. Magnetic résonance imaging (MRI) 
studies characteristically show low signal intensity on T 2 images with 
high signal in surrounding marrow cavity and adjacent soft tissue, 
which correlates with associated edema. On rare occasions these 
lésions may occur in older individuals and in odd locations, such as 
the spine or a fiat bone (Fig. 17-26). 



FIGURE 17-21 A, Photomicrograph of a section through a fémoral head that contains a large multilobular cartilage rest (H&E, x 1 obj.). B, A specimen 
radiograph of the lésion. C, Photomicrograph of the lésion (H&E, x 4 obj.). 
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FIGURE 17-22 A, Anteroposterior and latéral radiographs of the lower fémur of a young girl with a palpable mass behind the knee. After resection, this proved to 
be a large juxtacortical chondroma. B, Another juxtacortical chondroma at the upper end of the humérus seen in a cross-sectional computed tomography scan. 



FIGURE 17-23 A, Radiograph of a hand shows a well-defined saucer-like dépréssion of the cortex at the proximal end of one phalanx.This radiographie picture 
is typical of a juxtacortical chondroma. B, Photomicrograph of the lésion illustrated in A shows a cellular and focally calcified benign cartilaginous lésion 
(H&E, x 4 obj.). C, Higher magnification of B shows mild to moderate atypia (H&E, x 25 obj.). 
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FIGURE 17-24 Radiograph of an 11-year-old boy with reports of pain 
and limitation of motion in the right shoulder. An eccentric lytic lésion 
with patchy calcification involves the apophysis of the humérus laterally. 
Curettage of this lésion proved it to be a chondroblastoma.The radiographie 
appearance and location shown here are typical. 



FIGURE 17-25 An anteroposterior radiograph of the left hip of a young 
woman with pain. An eccentric lytic lésion extends to the articular surface 
and into the neck of the fémur. 



FIGURE 17-26 Location and âge distribution of chondroblastoma. 


Curettage generally produces a gritty, grayish pink tissue (Fig. 
17-27) that is characterized microscopically by round and ovoid 
cells with a modest amount of éosinophilie cytoplasm and fre¬ 
quent nuclear grooves, which are S-100 protein positive, these cells 
are mixed with varying numbers of scattered giant cells. Focally, 
an intercellular chondroid matrix is produced in which a lace-like 
deposit of calcium granules is typically observed (so-called chicken- 
wire calcification) (Figs. 17-28 to 17-30). In contrast to most hyaline 
cartilaginous lésions, the cartilaginous matrix in chondroblastoma 


is frequently éosinophilie. The presence of cartilage and giant cells 
in chondroblastomas may on occasion lead to diagnostic confusion 
of the lésion with either chondrosarcoma or giant-cell tumors of 
bone. 

In about 20% of cases, the lésions are cystic and hémorrhagie 
(cystic chondroblastoma). Because the majority of the lésion may 
be cystic, inadéquate sampling may give rise to a diagnosis of aneu- 
rysmal bone cyst. Whereas in typical cases of chondroblastoma the 
S-100 protein is strongly positive in the mononuclear cells though 
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FIGURE 17-27 Photograph of a curetted chondroblastoma. Note the 
granular appearance and the clearly yellow calcified areas. (Courtesy of 
Dr. Miguel Calvo.) 



FIGURE 17-28 Photomicrograph of a chondroblastoma demonstrates the 
varied appearance of this lésion. Cellular areas mixed with areas of cartilage 
matrix formation and calcification can be seen (H&E, x 10 obj.). 


négative in the giant cells, in the presence of cystic changes, the 
S-100 protein may be only focally positive. 

Curettage or local excision is the treatment of choice. In very 
rare cases, soft tissue implants or lung métastasés may occur; when 
présent, they are usually rimmed with bone (Fig. 17-31). These 
implants or métastasés should be surgically removed. 


CHONDROMYXOID FIBROMA 

Chondromyxoid fibroma is a very rare, benign bone neoplasm most 
often discovered during the patient s second or third decade of life. 
The lésion usually occurs eccentrically in the metaphysis of the 
lower fémur or upper tibia, or in the short tubular bones of the foot, 




FIGURE 17-29 A, Photomicrograph reveals the juxtaposition of an area of chondroid matrix on the lower left, with a more cellular area of polyhedral cells 
and admixed giant cells on the upper right (note the eosinophilia of chondroid matrix) (H&E, x 4 obj.). B, Photomicrograph shows a higher magnification of a 
cellular area (H&E, x 25 obj.) and C of the matrix producing area (H&E, x 25 obj.). 
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FIGURE 17-30 Fine stippled calcification is characteristic of 
chondroblastoma and frequently extends around the individual 
chondroblasts, producing a chicken-wire appearance (H&E, x 25 obj.). 



FIGURE 17-31 Latéral radiograph of the knee of a young adult man who, 

18 months before, had had a transarticular curettage of a chondroblastoma of 
the lower fémur. There are now three implanted nodules, which proved to be 
chondroblastoma in the popliteal space; each is surrounded by a rim of bone. 

but it may occasionally develop in other bones (Fig. 17-32). Patients 
usually présent with pain or local swelling. 

On imaging studies, the lésion is characterized by an eccentric 
well-demarcated lucent defect with a thin, well-defined scalloped 




FIGURE 17-32 Location and âge distribution of chondromyxoid fibroma. 


border of sclerotic bone (Figs. 17-33 and 17-34). (When imaging any 
cartilage-containing lésion, the bright signal that characterizes the 
T 2 image on MRI helps to differentiate these lésions from fibrous or 
cellular lésions.) 

Inspection of intact gross specimens shows that the lésion is usually 
sharply demarcated and covered on its outer surface with a thin rim 
of bone or periosteum. Examination of the eut surface demonstrates 
a firm, lobulated, grayish white mass, sometimes with small cystic foci 
and areas of hemorrhage. 

On microscopie examination, chondromyxoid fibroma has a lobu¬ 
lated pattern, with sparsely cellular lobules alternating with more cel¬ 
lular zones. The sparsely cellular lobules show spindle and stellate cells 
without distinct cytoplasmic borders in a myxoid or chondroid mat¬ 
rix. Running between the lobules are fibroblastic septae of increased 
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FIGURE 17-33 Radiograph of the elbow joint in ayoungadult man who 
complained of pain shows a well defined, trabeculated lytic lésion with cortical 
thinning but no obvious soft tissue extension.This soap bubble appearance is 
typical of chondromyxoid fibromas, although these lésions are so rare that the 
diagnosis is usually not made until after histologie examination. 


cellularity, with scattered multinucleated giant cells. Some nuclear pleo- 
morphism may be évident, but mitotic figures are rare (Fig. 17-35). 

Because récurrence of the lésion after curettage is frequent, en 
bloc excision is the preferred treatment. 

The cells in the myxoid areas generally are weakly positive for 
S-100 protein. 



FIGURE 17-34 Computed axial tomogram through the lumbar région of 
a young woman who presented clinically with weakness in the right leg. 

It shows an expanded lésion involving both the posterior éléments and the 
vertébral body. On biopsy, this lésion proved to be a chondromyxoid fibroma. 
(Courtesy of Dr. Julius Smith.) 



FIGURE 17-35 A, Gross photograph of a segment of resected fibula with a chondromyxoid fibroma. Note the well-demarcated lésion and the glistening fleshy 
appearance. B, Photomicrograph of a chondromyxoid fibroma shows the typical lobulated and variegated appearance of this lésion. Lobules of chondromyxoid 
tissue and septa of cellular fibrous tissue are évident, with occasional multinucleated giant cells running between the lobules (H&E, x 10 obj.). 


(Continued) 
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FIGURE 17-35—CONT'D C, Another field of the same tumor (H&E, x 10 obj.). D, A higher power view to demonstrate a layer of osteoclasts eroding the 
chondroid area of the tumor (H&E, x 25 obj.). E, In focal areas, this tumor showed the development of an aneurysmal bone cyst (ABC) (H&E, x 10 obj.). 



FIGURE 17-36 A, Radiograph of the lower end of the fémur in a 38-year-old man who reported pain in the knee joint. A lytic destructive lésion involves both 
the epiphysis and the metaphysis of the fémur; radiographically this lésion was considered to be most consistent with a giant cell tumor. B, Photomicrograph 
of the lésion shown in A shows loose fibromyxomatous tissue without lobulation and without obvious chondroid areas. A few such cases hâve been reported, 
usually in older people, and these lésions hâve been designated as fibromyxomas (H&E, x 10 obj.). 


FIBROMYXOMA 

Fibromyxoma is microscopically superficially similar to a chondro- 
myxoid fibroma (and may represent a variant of chondromyxoid 
fibroma), but it is even more rare and occurs in older individuals. 
Fibromyxoma lacks both the lobular pattern and the chondroid 
matrix that typify a chondromyxoid fibroma. 


The lésion is so rare that no radiographie characteristics hâve 
been substantiated. The radiograph shown in Figure 17-36 was 
thought to be of a giant cell tumor. Flowever, histologie examina¬ 
tion showed it to be of a fibromyxoma. Follow-up of the few cases 
described in the literature has revealed no instances of local récur¬ 
rence or métastasés. 
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Malignant Neoplasms 


INTRAMEDULLARY CHONDROSARCOMA 

Chondrosarcoma is a malignant neoplasm with cells that produce 
cartilage matrix. Bone matrix made by the malignant cells is not 
présent in chondrosarcoma, although on occasion there may be foci 
of benign reactive bone. Characteristically seen in adults in the fifth 
and sixth décades of life (Fig. 17-37), it occurs most frequently in the 
pelvis and in the medullary cavity of the fémur, humérus, and ribs 
(Figs. 17-38 and 17-39). Patients initially complain of persistent mild 
pain and often of local swelling. 




FIGURE 17-37 Location and âge distribution of chondrosarcoma. 



FIGURE 17-38 Gross photograph of a central chondrosarcoma arising from 
the medullary cavity of a humérus. Although much of the lésion appears like 
calcified cartilage at the distal margin, it is much more fleshy. 


On imaging studies, chondrosarcomas in the long bones are 
located in the metaphysis and often extend into the diaphysis to 
produce a fusiform, lucent defect with a scalloped inner cortex. 
Thickening and inequality of the cortex are common radiographie 
findings and, when associated with pain, help to distinguish a 
chondrosarcoma from an enchondroma. Extension into the soft 
tissue should be looked for. Frequent punctate or stippled calci¬ 
fications are characteristic (Fig. 17-40). Occasionally, extensive 
calcification may give rise to the radiologie confusion of chondro¬ 
sarcoma with a bone infarct. MRI will show a characteristic bright 
signal on T 2 images and is most helpful in showing the extent of 
the tumor. 

Grossly, chondrosarcomas are lobulated, grayish white or blue, 
focally calcified masses, often with areas of mucoid degeneration or 
necrosis. 

Microscopically chondrosarcoma are graded into three groups: 

1. Grade I: low-grade chondrosarcomas are cytologically so sim- 
ilar to enchondromas that the diagnosis is mostly dépendent 
on the clinical and radiologie présentation, and on the location. 
Pain, cortical thickening, and possible soft tissue extension are 
important findings. Those lésions located in the pelvis, scap- 
ula, or ribs in general behave more aggressively than those in 
long bones. Microscopie evidence of invasion of the haversian 
canals or of the medullary space with embedded fragments of 
trabecular bone within the tumor are the most helpful find¬ 
ings in making the distinction from a benign enchondroma 
(Fig. 17-41). 

2. Grade II chondrosarcoma shows a definite increased cellular- 
ity with increased nuclear size and distinct nucleoli in many of 
the cells. Binucleate cells are common. Focal myxoid change 
is a frequent occurrence, and predominantly myxoid chon¬ 
drosarcomas are generally assigned grade II (Figs. 17-42 and 
17-43). 
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FIGURE 17-39 A, In this radiograph, a large calcified mass is présent adjacent to the lumbar spine.This lésion proved to be a low-grade chondrosarcoma. 
B, Gross photograph of the lésion. C, Radiograph of the specimen shown in B demonstrates irregular areas of calcification. 


3. Grade III: high-grade chondrosarcomas are comparatively 
rare. They are characterized by marked cellular atypia, hyper- 
cellularity, and high mitotic activity. They are generally rapidly 
growing, aggressive, and frequently metastasize. They hâve an 
aneuploid pattern on flow cytometry and show complex aber¬ 
rations on chromosomal analysis (Fig. 17-44). 


It is generally true that lésions in the axial skeleton and proxi¬ 
mal portions of the appendicular skeleton are more likely to pursue 
a malignant course than tumors in the distal skeleton. (However, 
it is important to recognize that on rare occasions, chondrosarco¬ 
mas may arise in the digits [Fig. 17-45].) Furthermore, infiltration of 
the marrow spaces occurs in chondrosarcomas, so that trabeculae of 



FIGURE 17-40 A, A 42-year-old man with a swelling on the anterior left 4th rib. B, Computed tomography scan showing an enlarging lésion at the 
costochondral junction. 
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FIGURE 17-40 — CONT'D C, Gross photograph of the tumor shows the soft tissue extension. D, Photomicrograph shows the rib enveloped by tumor 
(H&E, x 1 obj.). E, Photomicrograph of the tumor (H&E, x 10 obj.). F, Higher power shows several double nuclei and some anaplasia consistent with a grade II 
chondrosarcoma (H&E, x 25 obj.).The costochondral junction is a common location in the ribs. 


normal bone may be found embedded in the tumor. In assessment 
of low-grade chondrosarcomas, this microscopie finding is the most 
helpful feature in distinguishing the lésion from an enchondroma 
(Fig. 17-46). 

The clinical course of chondrosarcoma dépends on several fac¬ 
tors. In general, well-differentiated tumors rarely metastasize, 
but they recur locally after incomplète excision. Anaplastic, fully 
malignant tumors metastasize early, primarily to the lung. Grade II 


chondrosarcoma may metastasize in about 10% to 15% of cases. 
Complété surgical excision of the tumor is the treatment of choice. 
(Cartilage lésions do not usually respond well to chemotherapy or 
radiation therapy.) 

About 10% of ail chondrosarcomas undergo dedifferentiation 
and become highly malignant sarcomas with spindle cells and 
bizarre giant cells (features of fibrosarcoma or malignant fibrous 
histiocytoma [Fig. 17-47]). These dedifferentiated tumors carry a 
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FIGURE 17-41 Anteroposterior (A) and latéral (B) radiographs of the lower fémur in a 50-year-old man who reported acute onset of pain. The margin of the 
lésion is fairly well defined, and thinning of the cortex gives rise to a trabeculated appearance. Soft tissue extension of the tumor is évident anteriorly and 
medially, showing that this is a malignant tumor. In the center of the lésion, small foci of punctate calcifications are apparent consistent with a diagnosis of a 
cartilage tumor. C, In a chondrosarcoma, the hallmark of the lésion is that the tumor invades between the bone spiculés, as illustrated here. In addition, when 
compared with a low-grade lésion, there is much more crowding and atypicality of the chondrocytes indicating a grade II lésion (H&E, x 10 obj.). 




FIGURE 17-42 Photomicrograph of a grade II chondrosarcoma shows 
cellular atypia and crowding (H&E, x 10 obj.). 


FIGURE 17-43 Another field of a grade II chondrosarcoma showing bone 
destruction (H&E, x 25 obj.). 


poor prognosis and often metastasize widely, the métastasés fre- 
quently showing only the spindle-cell component of the tumor. 
Images in such a case may reveal a poorly defined and destructive 
lucent zone in an otherwise typical chondrosarcoma with stippled 
calcification. 

MESENCHYMAL CHONDROSARCOMA 

Mesenchymal chondrosarcoma is a rare, malignant bone tumor 
that has been seen most commonly in individuals in the second and 
third décades of life. Almost any bone may be affected, although 


there is a reported prédilection for the maxilla, mandible, and ribs. 
Approximately one third of the lésions hâve been found in soft tissue. 
Patients may expérience pain and/or swelling. 

An ill-defined osteolytic lésion with irregular calcifications may 
be noted on imaging studies, and this appearance corresponds to 
the grayish white or yellow tumor mass, sometimes with évident 
foci of cartilage and calcification on gross examination. On micro¬ 
scopie examination, the characteristic feature of these lésions is a 
biphasic pattern. The majority of the tumor is composed of small, 
uniform, round- to spindle-shaped cells with a perivascular arrange¬ 
ment of cells that may resuit in a hemangiopericytoma-like pattern. 
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FIGURE 17-44 Photomicrograph from an area within a grade III 
chondrosarcoma that exhibits crowding and anaplasia (H&E, x 25 obj.). 
(Courtesy of Dr. Howard Dorfman.) 



FIGURE 17-45 Sagittal section through a great toe in which a 
chondrosarcoma of the distal phalanx has extensively grown out into the 
surrounding soft tissues. Microscopically, this proved to be a high-grade 
tumor. 



FIGURE 17-46 Photomicrograph taken from a low-grade I chondrosarcoma 
illustrating the invasive quality of the lésion, with islands of mature lamellar 
bone embedded within the cartilaginous tumor tissue. From its cellularity, 
the cartilage gives no obvious evidence of malignancy in this field (H&E, x 
40 obj.). 


Within this cellular component, there are focal admixed areas of 
a cartilaginous or chondroid matrix arranged in a lobular pattern 
(Fig. 17-48). S-100 protein is found only in the cartilaginous com- 
ponents of the tumor. Two cases of mesenchymal chondrosarcoma 
hâve shown an identical Robertsonian translocation resulting in a 
dérivative chromosome der(13;21) (qlO; qlO). 

Mesenchymal chondrosarcoma metastasizes primarily to the 
lungs, but osseous and soft tissue métastasés hâve been documented. 

CLEAR CELL CHONDROSARCOMA 

Clear cell chondrosarcoma, the least common variant of chondrosar¬ 
coma (considered by some to possibly represent an aggressive vari¬ 
ant of chondroblastoma), is a destructive low-grade malignant tumor 
that présents most commonly in young adults, predominantly men. 



FIGURE 17-47 A, Gross photograph of the lower end of a fémur removed 
from a patient with a long-standing cartilaginous tumor that had recently 
begun to grow rapidly.The transected specimen exhibits a lobulated bluish gray 
tissue filling the medullary cavity of the bone. However, at the lower end of the 
fémur, filling the medulla and extending to the soft tissue, a fleshy yellow-tan 
tumor can be seen.This area proved to be a malignant spindle cell tumor. 

(Continued) 








FIGURE 17-47—CONT'D B, Specimen 
radiograph of the dedifferentiated chondrosarcoma 
shown in A.Although the cartilaginous portion of 
the tumor is heavily calcified, the dedifferentiated 
spindle cell component is entirely radiolucent. C, 
Photomicrograph of the dedifferentiated spindle 
cell tumor that developed in the chondrosarcoma 
illustrated in (A) and (B). The spindle cell tumor has 
the pattern of a malignant fibrous histiocytoma 
and is seen here abutting the chondrosarcoma 
(H&E, x lOobj.). 



Chondrosarcoma 


Spindle-cell 

sarcoma 



FIGURE 17-48 A, Clinical radiograph of a young man who presented with leg pain and swelling. A soft tissue mass is eroding the adjacent bone between the 
fibula and the tibia. Focal calcification is évident within the tumor mass. In this case, the differential diagnosis would hâve to include synovial sarcoma. B, Gross 
photograph of the resected specimen from the patient in A shows a soft tissue tumor eroding the cortex of the adjacent fibula. 
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FIGURE 17-48—CONT'D C ( Specimen radiograph of the lésion shown in B. Focal calcification is seen, particularly at the periphery of the lésion. D, 
Photomicrograph of a portion of a mesenchymal chondrosarcoma showing nodules of cellular chondroid tissue on either side and between a vascular cellular 
tumor (H&E, x 4 obj.). E, Higher power photomicrograph of the cellular vascular component shown in D. Note the small closely packed spindle cells surrounding 
the vascular spaces and resembling the pattern of a hemangiopericytoma (H&E, x 40 obj.). (D and E courtesy of Dr. Andrea Deyrup.) 



FIGURE 17-49 A, Radiograph of wrist in a 59-year-old man.The destructive lésion in the distal ulna turned out to be a clear cell chondrosarcoma, although 
that was not part of the differential diagnosis. B, Photomicrograph of the lésion shows the classic pattern of packed chondrocytic cells with vacuolated 
cytoplasm (H&E, x 10 obj.). C, S-100 positivity in the vacuolated tumor cells (x 10 obj.). 
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FIGURE 17-50 A, Radiograph of the right hip in a middle-aged man with a long-term history of pain in the hip, who recently developed acute pain due to 
pathologie fracture. A heavily calcified tumor involves a good deal of the fémoral head and neck. No soft tissue extension is évident. B, Computerized axial 
tomogram through the body of the lésion illustrated in A demonstrates the focal character of the calcification within the lésion. C, Radiograph of the pelvis of 
the patient shown in A and B, taken 13 years previously, shows a clearly defined lytic lésion mostly confined to the right capital fémoral epiphysis. When this 
was eventually excised, it proved to be a clear cell chondrosarcoma. 


It was originally thought to affect only the epiphyseal ends of long 
bones, most often the upper fémur. However, as these lésions hâve 
became more commonly recognized, it has become clear that by no 
means are ail clear cell chondrosarcomas located in the epiphysis or 
in the upper fémur. 


On imaging studies, these tumors are well-circumscribed mixed 
lucent and sclerotic defects, often with a thin sclerotic border (Figs. 
17-49 and 17-50) and scattered calcification. When located in the 
epiphysis, they are most likely to be diagnosed radiologically as 
chondroblastoma or giant cell tumor. 




FIGURE 17-51 A, B, and C, Photomicrographs demonstrate the typical histology of a clear cell chondrosarcoma. Note the crowded vacuolated cells, with 
minimal cartilage matrix between them and scattered giant cells and foci of bone embedded within the lesional tissue (A, B, and C: H&E, x 10 obj.). 
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FIGURE 17-51—CONT'D 

On histologie examination, a clear cell chondrosarcoma con- 
tains many cells with abundant clear or palely éosinophilie, vac- 
uolated cytoplasm rich in periodic acid-Schiff (PAS)-positive 
glycogen, which often lie between heavily calcified cartilage 
matrix and woven bone. Frequently, scattered giant cells are 
présent (Fig. 17-51). The vacuolated clear cells may suggest rénal 
cell carcinoma, but the scattered giant cells and the scant chon- 
droid matrix should help to differentiate the two lésions. The 
cells of clear cell chondrosarcoma are strongly positive for S-100 
protein. 

Clear cell chondrosarcomas may be indolent but can be locally 
aggressive; métastasés hâve been reported. 

CHORDOMA 

Although chordoma may hâve a superficial similarity to a cartilage 
lésion, it is a neoplasm that arises from remnants of the notochord, 
and therefore, in almost ail cases, it occurs in the midline of the axial 
skeleton. About half the cases occur in the sacrococcygeal région, 
whereas one third are présent at the base of the skull. The remaining 
cases arise at different sites along the vertébral column, most corn- 
monly in the cervical région. Chordoma is a slow-growing neoplasm, 
causing clinical symptoms that dépend on its location. (Cranial lésions 
usually are smaller than sacrococcygeal lésions at the time of initial 
présentation.) Men are more frequently affected than women; the 
average âge at diagnosis for sacral lésions is approximately 55 years 
and, for spheno-occipital lésions, somewhat younger (Fig. 17-52). 

On imaging studies, bone destruction is the hallmark of chor¬ 
doma, and about half of the patients exhibit focal calcifications 
within the lésion (Fig. 17-53). Localization of the lésion has been 
greatly aided by the use of MRI, particularly in cases of intracranial 
chordoma (Fig. 17-54). When chordomas affect areas of the spine 
other than the two common sites (i.e., sacrococcygeal and cervical), 
the lésions are likely to be lytic, located centrally within the vertébral 
body, and slowly expansile. When the cervical vertebrae are affected, 
extension anteriorly into the soft tissues may resuit in dysphagia (Fig. 
17-55), whereas posterior extension may lead to neurologie compli¬ 
cations. Since giant notochordal rests may also occur within the ver¬ 
tébral bodies, they need to be differentiated from chordoma (vide 
infra). Systemic métastasés to the régional lymph nodes, lung, liver, 
and bone occur in up to 25% of cases. 

On gross examination, chordomas are generally soft and appear 
to be well encapsulated. Lobulations are apparent on eut section, 
and the tumor usually has a bluish gray color with extensive gelat- 




FIGURE 17-52 Location and âge distribution of chordoma. 


inous translucent areas that are focally cystic and hémorrhagie 
(Fig. 17-56). Grossly, the tissue may suggest a chondrosarcoma or 
even a mucinous carcinoma. 

Microscopie examination reveals a characteristic arrangement 
of tumor cells separated into lobules by fibrous septa of different 
thicknesses. The tumor cells are of various sizes and shapes, 
arranged in both cords and sheets, with an éosinophilie cytoplasm 
associated with both extracellular and intracellular mucin that may 
be minimal or abundant. The intracellular vacuoles may be very 
prominent and displace the nucléus to one edge, producing the 
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so-called physaliphorous cell (Fig. 17-57). The tumor cells express 
both S-100 protein and épithélial markers. 

Approximately one third of spheno-occipital chordomas con- 
tain a significant chondroid component, and these lésions can easily 
be confused with chondrosarcomas, especially with chondrosarco- 
mas having a predominantly myxoid structure (Fig. 17-58). Rarely, 
an associated malignant mesenchymal tumor has been described in 
association with a chordoma, either a malignant fibrous histiocy- 
toma or another poorly differentiated sarcoma (i.e., dedifferentiated 
chordoma); at least some of these cases hâve been associated with a 
history of radiation therapy. 



FIGURE 17-53 Radiograph of a 60-year-old man, who reported pain in the 
coccygeal région, reveals destruction of the sacrum and the coccyx by a large, 
lytic, expansile lésion, which on biopsy proved to be a chordoma. 


On occasion, a large notochordal rest in a vertébral body may be 
discovered as an incidental finding on MRI. In such a case, the dif¬ 
férentiation from a chordoma may be a problem, although in a chor¬ 
doma, there is generally a lytic lésion seen on radiographie imaging, 
whereas this has not been the case with the notochordal rests, which 
hâve been reported to be more often associated with bony sclerosis. 
Microscopically, notochordal rests lack myxoid extracellular mate- 
rial and their close resemblance to marrow fat makes them easy to 
overlook. Reactive bony sclerosis is often évident, and the lésions 
do not show extraosseous extension (Fig. 17-59). Immunostains for 
cytokeratin and S-100 label the lesional cells. 



FIGURE 17-54 A sagittal spin-echo magnetic résonance imaging scan shows 
a large chordoma filling the nasal cavity and ethmoid sinus anteriorly. It 
has obliterated the nasopharynx, extending inferiorly into the hypopharynx. 
Rostral to the odontoid process, it extends into the cranial cavity, completely 
destroying the clivus. It has invaded or displaced the brain stem, extending 
directly to the anterior aspect of the fourth ventricle. 



FIGURE 17-55 Latéral radiograph of a 40-year-old man who presented with 
dysphagia and myelopathy. There is a destructive lésion involving C3 and 
C4, with an anterior soft tissue extension that partially occludes the airway, 
which proved to be a chordoma. 
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FIGURE 17-56 A, Photograph of a sagittal section obtained at autopsy 
through the lower lumbar spine and sacrum of a patient with chordoma.The 
tumor has largely destroyed the sacrum and is involving L5.A large anterior 
component is présent. The tumor tissue shows a characteristic lobulated, 
firm blue gray tissue mass, with focal hemorrhage and cystification. B, 
Photomicrograph shows the nests and cords of tumor cells with abundant 
éosinophilie cytoplasm separated by lakes of mucoid tissue (H&E, x 10 obj.). 
(A courtesy of Dr. Mario Campanacci.) 



FIGURE 17-57 A, In some areas of chordoma, large mucoid foci are présent; in these mucoid areas, cords of éosinophilie cells may be présent (as in this 
photomicrograph) (H&E, x 40 obj.). B, Photomicrograph shows the large variegated and vacuolated cells characteristic of chordoma (physaliphorous cells) 
(H&E, x 40 obj.). 
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FIGURE 17-58 In some patients with chordomas arising in the area of 
the clivus, the tumor has a distinctly chondroid appearance (as in this 
photomicrograph).This chondroid pattern is important to recognize, because 
the prognosis for patients with chondroid chordomas in the base of the skull 
is believed to be better than for patients with a conventional pattern of 
chordoma in that area (H&E, x 10 obj.). 



FIGURE 17-59 A, Magnetic résonance T^weighted image demonstrating a large defect in the body of L3 that was not visible on the plain radiograph. 

B, A biopsy reveals tissue consistent with giant notochordal rest. Lesional cells resemble mature fat and lack cytologie atypia. In contrast to conventional 
chordoma, no myxoid extracellular material is seen (S-100- and cytokeratin-positive). (A courtesy of Dr. German Steiner; B courtesy of Dr. Mark Edgar.) 





Fibrous 

Tumors 

and 

Tumor-Like 

Conditions 


Lauren Vedder Ackerman (March 12, 1905 - July 27, 1993). Born in Auburn, David C. Dahlin (1917-2003). Dahlin 
New York, Ackerman received his MD from the University of Rochester, NY. After was born in a small town in South Dakota, 
completing his training in internai medicine at the University of California at San He completed his premedical studies at the 
Francisco, he proceeded to a pathology residency in Massachusetts, where he worked University of South Dakota and was admit- 
with Shields Warren, developing there a lifelong interest in tumor pathology. Ackerman ted to Rush Medical School in Chicago at 
is regarded as the father of surgical pathology in the United States, and as Professor and the âge of 21 years. Dr. Dahlin joined the 
Director of the Laboratory of Surgical Pathology at Washington University, he trained Mayo pathology staff in 1948, as a general 
many who later became leaders in the field. As one of the founding members of the surgical pathologist who could diagnose 
New York Bone Club in 1978, he is seen ( right ) in this photograph with the author ( left ), gliomas just as easily as he could carci- 
pursuing another of his lifelong interests. (From the author’s collection.) noma of the pancréas. Dr. Dahlin made 

an intensive study of ail the bone tumors 
diagnosed at Mayo Clinic. He kept track 
of ail these tumors by entering the data on 
4x6 index cards, which were filed in order 
of the Mayo Clinic registration number. 
These studies resulted in Dr. Dahlin’s book 
on bone tumors, which was published in 
1957. The book was an example of clarity 
and brevity. The skeletal chart, providing 
the patients âge and the skeletal distri¬ 
bution of ail bone lésions, was Dahlin’s 
brainchild. Dr. Dahlin received numerous 
honors, including the first gold medal of 
the International Skeletal Society. (From 
Unni KI<: David C. Dahlin, M.D. Skeletal 
Radiol 2004:33:117-118. Reproduced by 
permission from Springer Science + Busi¬ 
ness Media.) 
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Reactive or Post-Traumatic Tumors 


PERIOSTEAL 'DESMOID'TUMORS 

The periosteal desmoid tumor is a fairly common fibrous lésion that 
most commonly affects boys in the first two décades of life. It arises 
on the posteromedial aspect of the lower metaphysis of the fémur in 
the région of the attachment of the adductor magnus and the médial 
head of the gastrocnemius. Imaging studies reveal érosion of the 
cortex, with a sclerotic base. Microscopically, periosteal desmoids 
are composed of vascularized and disorganized dense collagenous 
tissue with uniform unremarkable fibroblasts and admixed reactive 
immature bone formation (Fig. 18-1). 

The lésion almost certainly occurs as the resuit of previous trauma. 
It is characteristic in location and does not warrant a biopsy. 



FIGURE 18-1 A, A scalloped periosteal defect with a sclerotic base in the 
posteromedial metaphysis of the fémur is the characteristic radiographie 
appearance of a periosteal desmoid tumor, a benign lésion, possibly post- 
traumatic. B, Photomicrograph of the dense fibrous tissue removed from the 
lésion illustrated in A. Abundant collagen production by poorly organized but 
unremarkable fibroblasts has occurred (H&E, x 25 obj.). 


NONOSSIFYING FIBROMA (FIBROUS CORTICAL 
DEFECT; BENIGN FIBROUS HISTIOCYTOMA) 

A nonossifying fibroma (NOF) is a very common solitary (but 
rarely multiple) benign, well-circumscribed, eccentric lésion 
in the metaphysis of a long bone in a child or adolescent. Most 
commonly the lower fémur and upper or lower tibia are involved 
(Fig. 18-2). The lésions usually regress spontaneously within 2 or 
3 years. 

Radiologie surveys hâve shown a 35% incidence of NOF in 
normal children. Most clinical cases are detected as inciden- 
tal findings on imaging studies, although occasionally a patho- 




FIGURE 18-2 Location and âge distribution of nonossifying fibroma. 
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logic fracture through a large lésion causes the patient to seek 
medical attention (Fig. 18-3). The lésions range in size from a 
few millimeters to several centimeters and are characterized by 
their cortical, eccentric location, as well as by their well-demar- 
cated central lucency surrounded by scalloped sclerotic margins 



FIGURE 18-3 Radiograph showing a pathologie fracture through a large 
trabeculated lytic lésion of the lower fémoral diaphysis, which proved 
on biopsy to be a nonossifying fibroma. Such a lésion may, because of 
subimposed fracture callus, be overdiagnosed as a malignancy. 


(Figs. 18-4 and 18-5). Often, an NOF is elongated in the longitu¬ 
dinal axis of the bone. Serial radiographs hâve demonstrated the 
migration of the defect away from the epiphyseal plate with time. 
As the lésions regress, the affected area often shows residual 
sclerosis (Fig. 18-6). 

Gross inspection of surgical curettings reveal fragments of 
soft, somewhat friable red-brown tissue with foci of yellow dis¬ 
coloration (Fig. 18-7). The microscopie findings include a cellu¬ 
lar tissue of unremarkable fibrohistiocytic spindle cells arranged 
in an interlacing, whorled pattern and interspersed with multi- 
nucleated giant cells and islands of pale foamy histiocytes. 
Hemosiderin deposits and scattered lymphocytes are charac- 
teristic features (Fig. 18-8). The microscopie features may on 
occasion cause diagnostic confusion with other giant cell con- 
taining lésions, more especially giant cell reparative granuloma 
(see Chapter 19). However, the clinical and radiographie présen¬ 
tation of NOF is so typical that it should rarely be confused with 
anything else. 

Although the vast majority of cases of NOF occur in children, 
very rarely lésions that are histologically indistinguishable from 
them may be seen in adults, where they are usually reported as 
benign fibrous histiocytoma or fibroxanthoma. On imaging stud- 
ies, these adult lésions differ from those seen in children by hav- 
ing less distinct borders and being central rather than eccentric; 
they may either be lucent or sclerotic, and the bones involved 
are likely to be different from those seen in children with fiat 
bones more commonly involved in adults (Figs. 18-9 and 18-10). 
Patients may expérience mild pain or they may be asymptom- 
atic. On microscopie examination, however, just as in child- 
hood lésions, the spindle cell stroma has a whorled or storiforrn 
pattern. The prédominant fibrohistiocytic cells are mixed with 
polygonal histiocytic cells, which hâve a more vacuolated cyto- 
plasm and may be filled with lipid, hemosiderin deposits, multi- 
nucleated giant cells, and sparse chronic inflammatory cells are 
also évident. 



FIGURE 18-4 A, Radiograph showing a typical 
nonossifying fibroma eccentrically located in the 
lower fémoral metaphysis. B, Computerized axial 
tomogram through the lésion demonstrated in 
A emphasizes the sclerotic margin. 


432 SECTION V BONETUMORS 



FIGURE 18-5 A and B, Anteroposterior and latéral radiographs of the left leg in a young person show a large lytic defect involving the medullary cavity in the 
metaphyseal-diaphyseal région of the proximal tibia with a pathologie fracture, due to a nonossifying fibroma. C, Computerized axial tomogram of the lésion. 


FIGURE 18-6 This pair of radiographs show the 
healing of a nonossifying fibroma (A) after 
3 years without any treatment (B). 



Benign Neoplasms 


FIBROUS DYSPLASIA (FIBRO-OSSEOUS DYSPLASIA; 
FIBRO-OSSEOUS LESION) 

Fibrous dysplasia is a relatively common, slow-growing benign 
lésion composed mainly of bone and fibrous tissue but occa- 


sionally containing foci of cartilage. In 75% of cases, the lésion is 
monostotic. The fémur, tibia, skull and facial bones, or ribs are 
most commonly affected, but almost any bone can be involved 
(Fig. 18-11). Involvement of the craniofacial bones may resuit in 
marked asymmetry and disfigurement (unilatéral cranial hyper- 
ostosis) (Fig. 18-12). Rarely, an associated soft tissue myxoma 
may be présent, which is usually intramuscular (Mazabrauds 
syndrome). 








FIGURE 18-7 A, Gross photograph of a resected segment of fibula that contains a nonossifying fibroma. Note the irregular thinning of the cortical bone, 
which focally reveals underlying mahogany brown lesional tissue. B, Section through the specimen shows the scalloped margin of the lésion and the cortical 
thinning. The reddish brown color is typical.The focal areas of gray probably represent fibrous tissue, and the areas of yellow discoloration, lipid accumulation. 
C, Specimen radiograph of the lésion. The radiograph shows cortical érosion, with a thin layer of periosteal bone covering the expanded tumor. 



FIGURE 18-8 A, Low-power photomicrograph of a histologie section demonstrates the variegated appearance of a nonossifying fibroma. In some areas, the 
lésion is more cellular; in others, it has a pink collagenous stroma (H&E, x 1 obj.). B, Low-power photomicrograph of a nonossifying fibroma shows a spindle 
cell stroma with occasional giant cells and mitoses. Note that the stromal cells are crowded, with little collagen formation (H&E, x 4 obj.). C, Intermediate- 
power photomicrograph, demonstrating the matted storiform pattern (H&E, xlO obj.). D, High-power photomicrograph shows foamy cytoplasm in some 
of the fibrohistiocytic cells and one multinucleated giant cell (H&E, x 25 obj.). 
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FIGURE 18-9 A, Radiograph of the right knee of 
a 30-year-old woman reporting dull pain around 
the knee joint There is an eccentric, well-defined 
radiolucency in the latéral metaphysis abutting 
the cortex, which proved on biopsy to be a benign 
fibrous histiocytoma. B, Magnetic résonance 
image of the lésion. 




FIGURE 18-10 A, Latéral radiograph of the tibia in a 64-year-old man who had had a bone scan for suspected metastatic disease.The lésion in the tibia was 
discovered incidentally, and the radiograph shows a dense lésion in the metaphysis that is well defined and shows no periosteal reaction. B, The lésion was 
composed of a benign but cellular spindle cell stroma, with scattered chronic inflammatory cells, and giant cells and a matted storiform pattern. This histologie 
appearance is similar to that seen in the typical nonossifying fibroma in children; in an adult, this lésion is sometimes referred to as a fibroxanthoma or a benign 
fibrous histiocytoma (H&E, x 10 obj.). 


Fibrous dysplasia is most often first seen in children and adoles¬ 
cents, and remains relatively unchanged throughout life, although the 
lésion may slowly increase in size. Although it has long considered 
a developmental abnormality, fibrous dysplasia has recently been 
shown to harbor activating mutations in the alpha subunit of 


stimulatory G protein (GNAS1), suggesting that the lésion actually 
represents a benign neoplasm. 

In most instances, the condition is asymptomatic, and is discov¬ 
ered incidentally following imaging studies. Rarely a patient with 
fibrous dysplasia will hâve symptoms, such as a mass, pathologie 
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Age at clinical présentation (years) 

FIGURE 18-11 Location and âge distribution of fibrous dysplasia. 


fracture, or impingement. Deformity may occur because of repeated 
minor fractures through an affected long bone. (The classic shep- 
herds crook deformity of the upper end of the fémur is the resuit 
of multiple sequential fractures, each of which is followed by some 
residual deformity [Fig. 18-13].) 

On imaging studies, the lésion is usually well defined, although the 
rim is not usually sclerotic, and the tissue often has a ground-glass 
appearance owing to the finely scattered bone islands in the lesional 
tissue (Fig. 18-14). Occasionally cystic changes may be observed 



FIGURE 18-12 Latéral radiograph of the skull and facial bones of a 45-year- 
old woman who had suffered with progressive deformity of the face for a few 
years. Note the ground-glass texture of the mandible and facial bones with 
loss of cortical différentiation and floating teeth. (Courtesy of Dr. German 
Steiner.) 


within the lésion (Fig. 18-15). Scintigraphy reveals increased isotope 
uptake in these lésions. 

The classic gross appearance of fibrous dysplasia may be seen in 
Figure 18-16 in a rib, a commonly affected bone in which typically 
there is fusiform expansion, thinning of the cortex, and replacement 



FIGURE 18-13 A to D, Radiographs of the upper end of the fémur in a 
patient with fibrous dysplasia show the development of marked varus 
(Shepherd's crook) deformity. This typical deformity in patients with 
polyostotic fibrous dysplasia results from repeated fractures through the 
involved section of the proximal fémur, with residual deformity after each 
fracture. 




(Continued) 
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FIGURE 18-13—CONT’D 



FIGURE 18-14 Radiograph showing fibrous dysplasia in first metacarpal. 
Note the ground-glass appearance. 


of bone tissue by a firm, whitish tissue of gritty consistency. Cysts 
may be large and associated with secondary changes (Fig. 18-17). 

Microscopie examination reveals irregular foci of woven (non- 
lamellar) bone trabeculae in a cellular but otherwise unremark- 
able fibrous stroma (Fig. 18-18). The bony spiculés in fibrous 


dysplasia are often described as resembling the letters C and Y, or 
Chinese characters. Microscopie evidence of osteoclastic résorption 
(Fig. 18-19) is frequently associated with these configurations. 
Osteoblastic rimming of bone, if présent, is minimal. 

In a few cases, we hâve observed areas that, instead of immature 
bone, contained dense blue nodules, or cementicle-like structures, 
in the fibrous stroma (Fig. 18-20). Occasionally the fibrous stroma 
exhibits a storiform pattern similar to that seen in a benign fibrous 
histiocytoma (Fig. 18-21). 

Cartilage in lésions of fibrous dysplasia may be either intrinsic 
to the lésion or secondary to fracture, or may resuit from disrup- 
tion of an affected growth plate during childhood. In any event, the 
amount of cartilage présent in the lésion may lead to confusion in 
diagnosis and the lésion may be mistaken for a chondrosarcoma 
(Fig. 18-22). 

Patients with fibrous dysplasia in addition to islands of carti¬ 
lage may also exhibit other secondary reactive changes caused by 
a pathologie fracture. These changes include areas of multinucle- 
ated giant cells, foamy histiocytes, and fracture callus (Fig. 18-23). 
If the reactive areas are the only tissues biopsied, the lésion may be 
mistaken on histologie examination for a primary neoplasm or even 
a metastatic carcinoma. Sarcomatous transformation rarely occurs 
in fibrous dysplasia, but when it does, most often it is following 
irradiation. 

Polyostotic involvement by fibrous dysplasia occurs in about 25% 
of diagnosed cases. Usually but not always, the multiple lésions affect 
predominantly one side of the body or a single limb (Fig. 18-24). 
The histologie features of polyostotic lésions are identical to those 
of monostotic lésions. 

Polyostotic involvement may resuit in severe deformities, and 
in a small number of cases, mostly in women, it is associated with 
patchy skin pigmentation (café au lait, coast of Maine) and various 
endocrinopathies, usually precocious puberty (Albright-McCune 
syndrome) resulting from germline mutation in the GNAS1 gene. 
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FIGURE 18-15 Middle-aged woman who had multiple foci of fibrous dysplasia demonstrating cystic change in the hip (A) and in the tibia (B). 



FIGURE 18-16 A, Radiograph of the chest in a 20-year-old man who complained of a swollen area on the seventh right rib. Note the uniform density of the 
expanded tumor, which is often referred to as a ground-glass appearance. B, The gross photograph of the resected rib reveals a well-circumscribed expansile 
lésion with a solid white and tan appearance. Note the normal cancellous and cortical bone of the rib on both sides of the lésion. In such a lésion, the eut 
surface has a gritty consistency due to the presence of fine bone spiculés. C, Radiograph of the specimen reveals a relatively lucent expanded zone with marked 
thinning of the cortex. Throughout the lésion, there is a ground-glass appearance due to diffusely distributed fine spiculés of bone. 
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LIPOSCLEROSING MYXOFIBROUSTUMOR 

Liposclerosing myxofibrous tumor (LSMFT) is benign fibro-osseous 
lésion that has been reported in the intertrochanteric région of the 
proximal fémur. 

On imaging studies, the lésion is seen as a centrally located mixed 
lytic and sclerosing lésion. 

The histology shows pagetoid bone with admixed fat, xanthoma- 
tous tissue, and fibromyxoid tissue, much of which may be considered 
reactive. It has been suggested that this lésion represents the end 
point of a traumatized focus of fibrous dysplasia or other pre-exist- 
ing benign lésion, which seems to be a reasonable interprétation 
(Fig. 18-25). 


OSTEOFIBROUS DYSPLASIA (DIFFERENTIATED 
ADAMANTINOMA) 

Osteofibrous dysplasia (OFD) occurs almost exclusively in the 
tibia and/or fibula, although rarely the forearm bones are involved. 
Although it has been considered in the past to be a variant of 
fibrous dysplasia, it has a quite different présentation. It is most 
often seen in young children who présent with cortical tumors that 
may be rapidly enlarging but are usually painless. The deformity 
of the involved leg may be dramatic, and clinically, the lésion ini- 

FIGURE 18-17 Photomicrograph of a portion of the lining of a cyst found tiall y behaves in an ^essive fashion. However, the natural his- 

in a case of fibrous dysplasia shows extensive cholestérol déposition with t01 T °f lésion is that it behaves less aggressively as the child 

an associated histiocytic and giant cell response (H&E, x 10 obj.). g ets older. 



FIGURE 18-18 A, Low-power view of curetted fragments from a patient with fibrous dysplasia shows a fibrous tissue stroma with islands of immature bone 
throughout (H&E, x 1 obj.). B, Photomicrograph of fibrous dysplasia shows a background of collagenized fibrous tissue, within which are irregularly shaped 
spiculés of immature bone. Although bone production is readily évident, there are relatively few osteoblasts rimming the bone spiculés. This finding suggests a 
direct metaplasia of bone from the underlying fibrous tissue (H&E, x 10 obj.). C, The same tissue seen in B viewed with polarized light demonstrates the woven 
appearance of the collagen within the bone matrix. (This photograph should be compared with the appearance of osteofibrous dysplasia in Figure 18-28.) 





- Osteoclasts 

-Osteoclasts 


■ Immature bone 


- Osteoclasts 


FIGURE 18-19 A, Photomicrograph of tissue obtained from a case of fibrous dysplasia. Note the irregular trabeculae and the osteoclastic activity (H&E, x 4 
obj.). B, Photomicrograph demonstrating a feature of fibrous dysplasia not usually illustrated but nevertheless common, that is, osteoclastic résorption of the 
bone spiculés in the fibrous stroma (H&E, x 10 obj.). 




FIGURE 18-20 Photomicrograph showing small, discrète foci of calcified 
matrix within a case of fibrous dysplasia, which resemble the cementicles 
occasionally seen in fibromas of the jaw (H&E, x 10 obj.). 
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FIGURE 18-22 Photomicrograph demonstrating focus of cellular cartilage 
within fibrous dysplasia. Occasionally, the cartilaginous areas occupy a 
considérable portion of the lésion and, therefore, can be diagnostically 
confused with chondrosarcoma; this has been designated by some as 
fibrocartilaginous mesenchymoma (H&E, x 10 obj.). 



FIGURE 18-21 Photomicrograph of a purely fibrous area within a lésion of 
fibrous dysplasia demonstrates the whirling pinwheel storiform pattern of 
benign fibrous histiocytoma (H&E, x 10 obj.). 


FIGURE 18-23 Photomicrograph taken through an area of fracture in a 
patient with fibrous dysplasia demonstrates a spindle cell stroma with many 
giant cells and a sprinkling of chronic inflammatory cells. A biopsy taken 
through such an area may resuit in a mistaken diagnosis (H&E, x 10 obj.). 
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FIGURE 18-24 Radiograph of a 4-year-old girl with multiple bilateral cystic 
lésions in the fémur and pelvis that proved, on histologie examination, to be 
fibrous dysplasia. With time, the lésions seen here undoubtedly would enlarge 
and resuit in deformity. 


Imaging studies show that the lésion is usually extensive, involv- 
ing the anterior cortex either of the diaphysis or the metaphysis of 
the tibia; the epiphysis is usually not affected. Characteristic eccen- 
tric intracortical osteolysis, with distortion and thinning of the cor¬ 
tex, is usually évident (Figs. 18-26 and 18-27) and the cortical bone 
may actually be absent in places. Anterior bowing of the tibia is 
common, as is a multiloculated appearance. The periosteum is usu¬ 
ally well preserved. 

The histologie appearance of the affected tissue is somewhat 
similar to that seen in fibrous dysplasia, with irregular spiculés 
of trabecular bone and unremarkable spindle cells that produce 
a collagenous stroma. However, in contrast to fibrous dysplasia, 
the bone spiculés are characteristically lined with osteoblasts that 
may produce a rim of lamellar bone, even though the center of 
these spiculés of bone may hâve a woven appearance (Fig. 18-28). 
Foci of hemorrhage and foamy histiocytes, as well as an occa- 
sional area of cartilage (usually in the vicinity of a fracture), may 
be observed. 

Using immunohistochemical stains for cytokeratin, it has been 
shown that in some cases of OFD, it is possible to demonstrate iso- 
lated and very occasionally small nests of cytokeratin-positive cells 
scattered in the matrix. Electron microscopy has demonstrated 
occasional cells with tonofilaments, even in the absence of cytok¬ 
eratin-positive stains. In a few cases of OFD, nests of épithélial cells 
may be readily found without histochemical staining, and these 
cases hâve been designated as differentiated adamantinomas (DA) 
(Fig. 18-29). 



FIGURE 18-25 A 29-year-old man with pain in the hip. Radiograph shows an irregular lytic and sclerosing intertrochanteric lésion (A), seen clearly on a T 1 MRI 
(B), and on T 2 showing a bright signal (C).The presumptive diagnosis was chondroblastoma or other cartilage lésion. D, Biopsy revealed a disordered sclerosing and 
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FIGURE 18-25—CONT'D (E and F) calcified lésion composed of bone, fibrous tissue, fat, and myxoid areas (D, E, and F: H&E, x 10 obj.). (Courtesy of 
Dr. Benjamin Hoch.) 



FIGURE 18-26 Radiograph of a 15-month-old boy with a large, lytic, 
eccentric defect in the upper end of the tibia, which proved on histologie 
examination to be an osteofibrous dysplasia. 


These findings indicate that OFD, DA, and adamantinoma, 
should be regarded as related conditions. However, only rarely does 
a case of OFD or DA eventually act in a malignant fashion. Genetic 
studies hâve also pointed to a relationship between OFD and ada¬ 
mantinoma in that the tumors hâve been found to share récurrent 
trisomies (chromosomes 7, 8, 12, and 21). 

OFD is certainly a distinct entity from fibrous dysplasia. Although 
most of the cases behave in a benign way, they may need surgery 
for the correction of deformity. However, it is generally held that 
surgery should be withheld until after puberty. 


FIGURE 18-27 Latéral radiograph of the right leg of an 8-year-old boy with 
local pain and deformity. Cortical thickening with a stress fracture as well as 
a lytic defect is présent in the midshaft.This proved, on biopsy, to be due to 
osteofibrous dysplasia. 


DESMOPLASTIC FIBROMA 

Desmoplastic fibroma is a rare, intraosseous, well-differentiated col- 
lagen-producing fibrous tumor characterized clinically by pain. The 
tumor usually présents during the first three décades of life, and most 
commonly develops either toward the end of a long bone or in the 
pelvis or mandible. In most cases, radiographs reveal a lucent defect 
that may expand the cortex and, on occasion, has a trabeculated 
appearance due to irregular thinning of the cortex (Fig. 18-30). In 
some cases, there may be cortical destruction, suggesting a malignant 
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FIGURE 18-28 A, Photomicrograph of tissue obtained from a patient with osteofibrous dysplasia reveals a cellular spindle cell stroma, with spiculés of 
immature bone. Note the prominent osteoblastic rimming (H&E, x 10 obj.). B, Another field shows focally rimming of more mature bone spiculés by 
osteoblasts (H&E, x 4 obj.). C ( In some areas, the surface is covered by more lamellar bone with a core of woven bone.This finding of peripheral maturation is 
characteristic of osteofibrous dysplasia (polarized light, x 4 obj.). D, In some cases of osteofibrous dysplasia, immunoperoxidase staining shows single keratin- 
positive cells within the fibrous matrix (Immunoperoxidase CK-AE1/3, x 25 obj.). (A courtesy of Dr. Michael Klein; D courtesy of Dr. Howard Dorfman.) 



FIGURE 18-29 In very few cases, there are also rare clusters of keratin-positive 
cells, occasionally showing keratinization as shown here. In such a case, the 
term differentiated adamantinoma has been applied (H&E, x 25 obj.). 


tumor. Microscopically, the most prominent features are interlacing 
bundles of dense collagen. The cells are usually sparse and exhibit no 
cytologie atypia (Fig. 18-31). The histologie similarity of desmoplastic 
fibroma to certain fibrous lésions elsewhere (such as desmoid tumors) 
(Fig. 18-32) suggests that it is an intraosseous counterpart of those 



FIGURE 18-30 Radiograph of a young adult patient who reported pain 
in the hip joint reveals a large lytic defect in the ilium, just above the 
acetabulum.The margins of the lésion are fairly well defined, without obvious 
sclerosis. On curettage, this lésion proved to be a densely collagenous fibrous 
tumor, characterized microscopically as a desmoplastic fibroma. 
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FIGURE 18-31 A, Low-power photomicrograph of a desmoplastic fibroma shows the dense, collagenized matrix of this lésion (H&E, x 4 obj.). B, High-power 
view (H&E, x 25 obj.). 



FIGURE 18-32 Photomicrograph of another area of desmoplastic fibroma, 
which is somewhat more cellular than that seen in Figure 18-31. Note the 
innocuous appearance of the fibroblasts and the collagen production (H&E, 
x 10 obj.). 

lésions, a contention that is supported by the finding of trisomy 8 
and 20 in both tumors. The tumor has a tendency to recur locally 
but does not metastasize. The lack of bone production in this 
lésion characteristically distinguishes it from fibro-osseous lésions 
of bone. 


Malignant Neoplasms 


FIBROSARCOMA 

Fibrosarcoma is a rare malignant spindle cell neoplasm that produces a 
sparse to moderate amount of collagen matrix and has no other matrix 
différentiation. The lésion usually occurs in the metaphyseal ends of 
the long bones, especially around the knees, in adults who are usu¬ 
ally between 20 and 60 years of âge (Fig. 18-33). Pain or swelling in the 
affected area is frequently exacerbated by a pathologie fracture. About 
one quarter of the reported cases hâve been associated with a pre- 
existing condition such as Pagets disease, fibrous dysplasia, an irradi- 
ated giant cell tumor, bone infarct, or long-standing osteomyelitis. 

On imaging studies, fibrosarcomas appear lucent often with a mot- 
tled or moth-eaten pattern, and frequently there is cortical destruc¬ 
tion with extension into soft tissue. The tumor margins are irregular 




FIGURE 18-33 Location and âge distribution of fibrosarcoma. 
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FIGURE 18-34 Radiograph of the latéral aspect of the fémur in a 40-year- 
old man who complained of pain in the lower thigh shows an intramedullary 
lytic area extending into the posterior cortex.The margin is ill defined and 
the lésion has at its periphery a permeative appearance. On biopsy, this 
lésion proved to be a fibrosarcoma. 


FIGURE 18-35 Photograph of a transected humérus shows a solid tumor 
at the upper end of the humérus, extending into the soft tissue. Focal 
hemorrhage is évident. When examined histologically, this tumor proved 
to be a fibrosarcoma. Multiple sections would be required in such a case to 
exclude the diagnosis of fibroblastic osteosarcoma. 




FIGURE 18-36 A, Photomicrograph of a fibrosarcoma clearly demonstrates the typical herringbone pattern of these lésions (H&E, x 4 obj.). (In the upper right 
corner is a herringbone jacket sleeve, courtesy of Dr. Edward DiCarlo.) B, Most fibrosarcomas of bone are well differentiated, as seen in this high-power view 
(H&E, x 25 obj.). 


and poorly defined (Fig. 18-34). On gross examination, the tumor is 
usually tan to grayish white, and rubbery in consistency (Fig. 18-35). 

On microscopie examination, fibrosarcomas hâve a characteris- 
tic herringbone pattern, and contain homogeneous spindle-shaped 
fibroblasts with ovoid nuclei. There is relatively little pleomorphism, 
and mitoses are infrequent (Fig. 18-36). Poorly differentiated tumors 
with pleomorphic cells, abundant mitotic activity, and bizarre hyper- 
chromatic nuclei are usually classified as malignant fibrous histiocy- 
toma (Fig. 18-37). The well-differentiated tumors grow slowly, and 
the treatment of choice is radical surgical excision. 

The differential diagnosis of primary fibrosarcoma should include 
leiomyosarcoma, synovial sarcoma, malignant peripheral nerve sheath 
tumor; metastatic carcinoma, and metastatic melanoma may also 


demonstrate a spindle cell pattern (e.g., carcinoma of the kidney); and 
in this regard, appropriate immunohistochemical studies are essential. 

MALIGNANT FIBROUS HISTIOCYTOMA 

Malignant fibrous histiocytoma was first described in soft tissue 
about 40 years ago and characterized microscopically by its het- 
erogeneous population of pleomorphic spindle cells organized in a 
characteristic storiform or starry-night’ pattern. 

When these tumors occur in bone, they primarily affect adults, 
and usually involve the lower fémur or upper tibia. 

On imaging studies, malignant fibrous histiocytoma appears as 
a poorly delineated lucent defect, often with cortical destruction. 
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FIGURE 18-37 Photomicrograph of a less well-differentiated fibrosarcoma 
shows cell crowding and pleomorphism typical of a high-grade lésion (H&E, 
x 10 obj.). 


Minimal periosteal new bone formation may be évident (Fig. 18-38). 
In some cases this tumor has been found in association with a 
pre-existing bone infarct (Fig. 18-39). 

The characteristic microscopie features of malignant fibrous his- 
tiocytoma are bundles and whorls of pleomorphic spindle-shaped 
cells with patchy or extensive collagen fiber production. The cells and 



FIGURE 18-38 Radiograph of the lower fémur in a man with a long history 
of pain, recently increasing in intensity.This extensive lytic and sclerotic 
lésion proved on biopsy to be a malignant fibrous histiocytoma. 



FIGURE 18-39 A, Latéral radiograph of the fémur in a patient with a long-standing history of bone infarction, resulting from his occupation of a caisson 
worker. More recently, the patient had experienced severe pain in the lower end of the fémur, and on the radiograph, a lytic area can be discerned at the lower 
end of the infarcted zone. B, Photograph of frontally sectioned specimen of the fémur removed from the patient in A. The infarcted bone, seen as an area of 
opaque yellow tissue, is clearly delineated from the surrounding normal bone. The center left portion of the lésion exhibits admixed, fleshy gray tissue that, 
on microscopie examination, proved to be a malignant tumor. 


(Continued) 
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FIGURE 18-39—CONT'D C, Photomicrograph of the infarcted area of the lésion illustrated in A and B (H&E, x 4 obj.). D, Photomicrograph of a portion of the fleshy 
tumor shown in B demonstrates the pleomorphic cellular pattern of the tumor, with vacuolated cytoplasm and, in the center, a tripolar mitosis (H&E, x 40 obj.). 


fibers often meet at right angles, and sometimes take on a pinwheel 
(storiform) pattern (Fig. 18-40). Foci of rounded cells with a foamy 
or vacuolated cytoplasm may be observed, together with giant cells 
and multiple, often atypical, mitotic figures. There is often evidence 
of phagocytosed intracytoplasmic material, including hemosid- 
erin, hematin, and lipofuchsin pigments. An infiltration of chronic 
inflammatory cells is characteristically présent. The heterogenous 
microscopie appearance of the tumor suggests a tumor with features 
of a collagen-producing cell (hence, fibroblast) and a macrophage 
(hence, histiocyte), but immunohistochemical studies for true his- 
tiocytic markers do not support histiocytic différentiation in this 
tumor, which can best be considered a pleomorphic undifferenti- 
ated high-grade sarcoma. 

Studies using various immunologie markers hâve shown that 
many lésions that had been classified as malignant fibrous histio- 
cytoma are in fact poorly differentiated liposarcomas, or malignant 
muscle tumors. Therefore before making the diagnosis of malignant 
fibrous histiocytoma, it is impérative to obtain a suitable panel of 
immunohistochemical stains. 

Although malignant fibrous histiocytoma is not as aggressive as 
osteosarcoma, it is a fully malignant and metastasizing tumor, and 
radical treatment is recommended. 

Rare instances of multicentricity hâve been reported. 

ADAMANTINOMA OF LONG BONES 

Adamantinoma is a rare slow-growing neoplasm of long bones, with 
more than 90% located in the diaphysis of the tibia and most of the 
rest in the fibula or forearm bones. (It is somewhat similar to the 
much more common adamantinoma of the jawbones.) Patients with 
long bone lésions are usually between 20 and 30 years of âge. Men 
are somewhat more frequently affected than women. The princi¬ 
pal clinical sign of adamantinoma is the insidious onset of pain and 
swelling, sometimes developing over many years. The characteristic 
finding on imaging studies is a multicystic (soap-bubble) osteolytic 
lésion with surrounding sclerosis, cortical thinning, and expansion 
(Figs. 18-41 and 18-42). 

On gross inspection, the tumor is generally well circumscribed 
and rubbery in texture; however, focal areas of hemorrhage or 



FIGURE 18-40 Photomicrograph of a malignant fibrous histiocytoma 
demonstrating the marked nuclear pleomorphism, with giant cell forms 
and the typical storiform (starry-night) pattern (H&E, x 25 obj.). 

necrosis may be évident. The microscopie finding of a biphasic pat¬ 
tern of spindle-shaped, collagen-producing cells, alternating with 
sinewy cords or nests of epithelioid cells, sometimes with a squamoid 
appearance, is characteristic (Figs. 18-43 and 18-44). The epithelioid 
cells are strongly positive for keratin. 

Cytogenetic studies of adamantinoma often show multiple kary- 
otypic abnormalities, but trisomies of chromosomes 7, 8,12,19, and 
21 are characteristic. 

Adamantinoma is a neoplasm of relatively low-grade malignancy. 
It is locally invasive and may metastasize late in its course in about 
20% of cases. 

Treatment of adamantinoma consists of adéquate surgical exci¬ 
sion; the margins of resection should be carefully planned if récur¬ 
rence is to be avoided, because satellite lésions may occur at some 
distance from the major tumor mass. 

Limited biopsies may resuit in confusion with metastatic carci- 
noma or with fibrous dysplasia, however the characteristic clinical 
présentation should help to avoid this dilemma. 
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FIGURE 18-41 Radiograph of the left leg in a young adult patient who reported aching leg pain shows multiple lytic lésions in the bone, particularly in the 
lower third of the diaphysis. The lytic, bubbly appearance of the tumor, together with the presence of satellite lésions, is characteristic of adamantinoma in the 
tibia. Occasionally, adamantinomas may also be seen in the fibula, and even more rarely in the long bones of the forearm. 




FIGURE 18-43 Photomicrograph of an adamantinoma of the tibia shows 
a fibrous stroma with islands of basophilie epithelioid cells, which may be 
focally sparse and show cleft-like spaces (as shown in Figure 18-44) (H&E, x 
10 obj.). 


FIGURE 18-42 Anteroposterior (A) and latéral (B) radiographs of a portion 
of the tibial diaphysis removed from a 9-year-old boy with adamantinoma 
of the tibia. Small punched-out lésions not connected with the main tumor 
mass are clearly évident; on histologie examination, each of these lésions 
contained tumor. When such satellite lésions are found, radical resection is 
necessary if récurrence is to be avoided. 
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FIGURE 18-44 A, Photomicrograph of an adamantinoma with a dense fibrous stroma and cleft-like spaces lined with epithelioid cells (H&E, x 4 obj.). B, Higher 
magnification of an island of epithelioid cells (H&E, x 25 obj.). C, Immunoperoxidase staining shows positivity with CK-AE1/3 (x 10 obj.). (C courtesy of 
Dr. Howard Dorfman.) 






Paul Langerhans (1847, Berlin-1888, Funchal, 
Madeira). Langerhans attended the Gymnasium 
in Berlin and graduated at the âge of 16. From 
1865 to 1866, he studied medicine at the Univer- 
sity of Jena, and continued his medical studies in 
Berlin under Rudolf Virchow, Julius Cohnheim, 
and Friedrich Theodor von Frerichs; he became 
later a close friend of Virchow. In 1868, using a 
technique taught to him by Cohnheim, he stained 
a sample of human skin with gold chloride and 
described the dendritic cells in the skin that now 
bear his name. It was during his studies for doc- 
torate at Berlin Pathological Institute that he made 
his second important contribution (1869) of the 
islet cells of the pancréas. In 1874, tuberculosis of 
the lung compelled Langerhans to interrupt his 
academie career. He settled in Madeira; its mild 
climate led to an improvement in his health. There 
he later practiced medicine in the capital, Funchal, 
and studied the etiology of tuberculosis. He died 
of kidney infection in 1888 and is buried in the 
cemetery of the English church. (From Hausen 
BM: Die Inseln des Paul Langerhans. Wien, Berlin, 
Ueberreuter Wissenschaft, 1988.) 



Karl Ludwig Aschoff (1866, Berlin-1943, 
Freiburg in Bresgau). Aschoff was one of the 
most productive of the group of German pathol- 
ogists who flourished in the late 19th and early 
20th centuries. He is specially remembered for 
describing the réticuloendothélial System and 
the bodies that bear his name. Aschoff graduated 
from the University of Bonn in 1889; in 1894, he 
became first assistant at the Institute of Pathol- 
ogy in Gôttingen under Friedrich Daniel von 
Recklinghausen, and from 1906 was professor in 
Freiburg am Bresgau, where he spent the rest of 
his career, retiring in 1936. At Freiburg he estab- 
lished an institute of pathology that attracted 
students from ail over the world. (Courtesy of the 
Clendening History of Medicine Library, Univer¬ 
sity of Kansas Medical Center.) 
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Reactive or Post-Traumatic Tumors 


EPIDERMOID INCLUSION CYST 

Epidermoid inclusion cysts are cysts bounded by a wall of strati- 
fied squamous epithelium and filled with keratin débris (Fig. 19-1). 
Although rare, they may occur in bone as the resuit of a puncture 
wound or pressure érosion from a subcutaneous lésion when the 
bone surface is close to the skin. They présent on imaging studies 


as sharply outlined, intraosseous lytic areas with a sclerotic bor¬ 
der. They are most commonly found in the distal terminal phalanx 
(Fig. 19-2) or the calvaria, but examples in larger bones hâve been 
reported (Fig. 19-3). 

On imaging studies, the differential diagnosis of an epidermoid 
inclusion cyst in the finger includes enchondroma (which does occa- 
sionally occur in the distal phalanx [Fig. 19-4]), giant cell reparative 
granuloma, acral métastasés, intraosseous extension of a glomus 
tumor (Fig. 19-5), or subungual melanoma. 



FIGURE 19-1 A, Photomicrograph of an epidermoid inclusion cyst. The space on the left is lined with stratified squamous epithelium and is filled with 
keratin débris. In the right half of the photograph, the contents of the cyst hâve ruptured into the adjacent soft tissue, resulting in a peripheral foreign body 
histocytic and giant cell reaction (H&E, x 1.25 obj.). B, A higher power view of the cyst wall lined with squamous epithelium (H&E, x 4 obj.). 



FIGURE 19-2 Anteroposterior (A) and latéral (B) radiographs showing 
an epidermoid inclusion cyst. A well-circumscribed lucent defect with a 
thinned cortical rim is présent in the distal portion of the terminal phalanx. 
No calcification is évident, and this, together with the location, helps to 
differentiate this lésion from an enchondroma. 



FIGURE 19-3 A, Anteroposterior radiograph of the knee in a 71-year-old 
woman with a several-year history of knee pain. When the knees were imaged, 
the nonsymptomatic knee revealed the lésion shown here. 
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FIGURE 19-3—CONT’D B, Photomicrograph of a portion of the cyst wall 
extracted from the knee shows an epidermal inclusion cyst with inflammatory 
changes consistent with focal rupture of the cyst (H&E, x 10 obj.). 

(Courtesy of Dr. Howard Dorfman.) 

GANGLION CYST OF BONE 

Intraosseous ganglion cysts are rare. On imaging studies, they prés¬ 
ent as well-demarcated uniloculated or multiloculated lytic defects 
with a thin rim of sclerotic bone. Patients with this disorder are 
usually middle aged and présent with mild, localized pain that is 
increased by weight bearing. The lésion is most frequently seen at 



FIGURE 19-4 A, A radiograph of the right foot. In the terminal phalanx of 
the third toe, there is a defect with an overlying soft tissue mass (B), which 
on a T 2 -weighted image is consistent with cartilage. Curettage proved this to 
be a chondroma. 



FIGURE 19-5 A, Radiograph shows a small lytic defect in the tuft of the terminal phalanx of the little finger, caused by the intraosseous extension of a soft 
tissue glomus tumor. B, Photomicrograph of a glomus tumor shows fibrous connective tissue that contains connecting cords of round to oval homogeneous 
cells with pinkish cytoplasm that surround branching vascular channels (H&E, x 4 obj.). C, Higher power photomicrograph shows the bland appearance of the 
distinctive, rounded, and regular glomus cells (H&E, x 10 obj.). (A courtesy of Dr. Isao Sugiura.) 
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the epiphyseal end of long bones, commonly in the médial malleolus 
of the ankle, although the knee and shoulder are other common sites 
(Figs. 19-6 and 19-7). Despite proximity to a joint, a ganglion cyst 
rarely involves the joint. (Very rarely an overlying soft tissue gan¬ 
glion is présent on clinical examination, which may communicate 
with the intraosseous ganglion.) 


At surgery, the lésion is lined with a thick, fibrous membrane 
and filled with a whitish or yellowish gelatinous material. On micro¬ 
scopie examination, the wall of a ganglion cyst is composed of dense, 
fibrous connective tissue with focal mucoid degeneration, flattened 
membrane-lining cells, and occasional mononuclear inflammatory 
cells (Fig. 19-8). 


FIGURE 19-6 A, Ganglionic cyst of bone. 

In this radiograph of the lower end of the tibia, 
a well-demarcated, lucent area is évident. 
Although this lésion is close to the joint space, 
the joint space is not narrowed; this finding 
helps to differentiate a ganglionic cyst from an 
osteoarthritic cyst. B, Anteroposterior radiograph 
of a knee, showing a well-defined peripheral 
trabeculated lytic lésion of the latéral fémoral 
condyle, which proved to be an intraosseous 
ganglion. 



FIGURE 19-7 A, A middle-aged woman with 
a history of chronic shoulder pain has a lytic 
lésion in the glenoid, which on an axial magnetic 
résonance imaging scan (B) shows a bright signal 
consistent with a fluid-filled cyst. Histology 
showed this to be a ganglion. The development 
of a soft tissue ganglion following a labral tear 
is not uncommon, and the lésion may, as in this 
case, erode into the bone. 
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FIGURE 19-8 Microscopie examination of a ganglionic cyst of bone reveals 
the wall of the lésion to consist of fibrous connective tissue, with focal areas 
of mucoid degeneration and patchy dense collagen.The membrane may be 
lined with flattened lining cells resembling a synovial lining (H&E, x 4 obj.). 

The lack of communication between the cystic defect and the 
joint cavity, together with the absence of arthritic change, distinguish 
this disorder from those marginal cysts and subchondral bone cysts 
commonly associated with degenerative joint disease. 

Treatment by curettage or excision has been curative. Récurrences 
are rare. 

UNICAMERAL BONE CYST (SOLITARY CYST; 

SIMPLE BONE CYST) 

This is a benign, solitary cystic defect in the metaphyseal région 
of long bones, usually presenting clinically in children or young 
adolescents; boys are more commonly affected (Fig. 19-9). The 
classic location is the proximal humérus, but it is also common in 
the proximal fémur. The usual clinical présentation is a pathologie 
fracture through the weakened bone. 

On imaging studies, the lésion appears as a well-defined cen¬ 
tral lucent area with a thin sclerotic margin (Figs. 19-10 and 19-11). 
A pseudoloculated appearance may resuit from irregular thinning of 
the cortex by the expanding cyst (Fig. 19-12). Apparent expansion 
of the bone results from érosion of the cortex by the cyst associated 
with secondary periosteal new bone formation (Fig. 19-13). However, 
Codmans triangle is not a feature of a simple bone cyst, indicating 
that growth is not rapid. When observed in serial radiographs, the 
lésion appears to migrate from the epiphyseal plate (although in real- 
ity the growth plate grows away from the cyst) (Fig. 19-14). 

On both gross and microscopie inspection, an unaltered lésion 
appears as a clear, fluid-filled cyst lined with a thin fibrous mem¬ 
brane without obvious lining cells (Figs. 19-15 and 19-16). However, 
because fractures are common complications, secondary changes, 
such as hemorrhage, hemosiderin deposits, granulation tissue, cho¬ 
lestérol clefts, fibrin, calcification, and reactive bone (Fig. 19-17), 
may be observed microscopically. In such instances, the lésion may 
mimic the histologie features of an aneurysmal bone cyst or even 
a giant cell tumor. A rarely observed focal histologie feature is the 
accumulation of calcified amorphous material, which superficially 
resembles the contents of a cementoma of the jaw (Fig. 19-18). This 
material probably represents calcified fibrin. 

Because of the difficulty of complété surgical removal of the 
lésion, there is a high rate of récurrence after surgical curettage, 
particularly in children under 10 years of âge in whom the lésion is 



FIGURE 19-9 Location and âge distribution of simple bone cyst. 

characteristically juxtaepiphyseal. Nonsurgical treatment by aspira¬ 
tion and injection with corticosteroids is now widely used. 


Benign Tumors Including Neoplasms 


ANEURYSMAL BONE CYST 

An aneurysmal bone cyst is a solitary, expansile lésion that is gen- 
erally eccentric in location. These lésions are most commonly seen 
in individuals younger than 20 years of âge, and swelling, pain, or 
tenderness are the usual presenting complaint (Fig. 19-19). 
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FIGURE 19-10 Radiograph of a simple bone cyst in the os calcis. When a 
solitary bone cyst présents in the calcaneus, it is generally in the anterior 
portion in contrast to solid tumors such as chondroblastoma, which appear 
in the posterior portion. (Courtesy of Dr. Robert Freiberger.) 


Although involvement of the metaphyseal région of long bones 
or the spine is most common, any bone can be involved, includ- 
ing fiat bones. Approximately 15% of aneurysmal bone cysts arise 
in the spine, occurring at any level, with the exception of the coc¬ 
cyx. Occasionally multiple vertebrae are affected. Generally the 
tumor involves principally the vertébral arches; however, occasion¬ 
ally they extend into the vertébral bodies (Fig. 19-20). Extradural 
cord compression is fairly common and may cause neurologie 
complications. 

When a long bone is affected, serial radiographs generally will 
demonstrate a rapidly expansile, eccentric, lucent lésion in the shaft 



FIGURE 19-12 Longitudinal section of a segment of resected humérus 
reveals a well-demarcated cystic cavitation in the medullary portion of the 
bone, with cortical thinning and periosteal élévation leading to a bulging 
cortex. Note also the glistening cystic lining. (These lésions usually contain 
a clear, serous-like fluid.) 


of the bone. The periphery of the lésion may often be indistinct, and 
the tumor itself has a trabeculated appearance. Magnetic résonance 
imaging studies show the loculated pattern of the lésion and often 
demonstrate fluid levels. 



FIGURE 19-11 A, Radiograph of a simple bone cyst in the proximal humérus. Note that it extends to the growth plate and that there has been a fracture. 
B, Ten months later, the lésion has greatly expanded. C, Nine months later after curettage and packing with bone chips. (Courtesy of Dr. Robert Freiberger.) 
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FIGURE 19-13 Gross photograph of a fibula with a central bulb-like 
expansion caused by a simple bone cyst. Note the pink color at the margin 
of the cyst, due to periosteal bone formation. 



FIGURE 19-14 Radiograph showing a large, simple cyst in the fémoral 
diaphysis that has grown away from the growth plate. (Courtesy of 
Dr. Alex Norman.) 

On gross examination, the wall of an aneurysmal bone cyst is 
usually soft and fibrous. When the cyst is opened, separated spaces 
containing friable, brownish blood clôt usually become apparent 
(Fig. 19-21). 

On microscopie examination, the lésion is found to contain 
cystic spaces of different sizes that are filled with blood but 



FIGURE 19-15 Low-power photomicrograph of a simple bone cyst reveals 
a fibrous membrane. Erosion of the cortex is évident, as is periosteal bone 
formation (H&E, x 1 obj.). 



FIGURE 19-16 High-power view of the fibrous lining of a curetted simple 
bone cyst (H&E, x 4 obj.). (Courtesy of Dr. Mark Edgar.) 


are not lined with vascular endothélium. Between the blood- 
filled spaces are fibrous septa containing bland spindle cells, 
giant cells, and foci of immature bone or unmineralized osteoid 
(Figs. 19-22 and 19-23), together with focal or diffuse collec¬ 
tions of hemosiderin, reactive foam cells, and chronic inflam- 
matory cells. Characteristically, the cell morphology appears to 
be innocuous. 

In about half the cases, aneurysmal bone cyst is a secondary reac¬ 
tive lésion, and it is clear from microscopie examination that the 
lésion coexists with another, usually benign, tumor such as an osteo- 
blastoma, chondroblastoma, nonossifying fibroma, or fibrous dys- 
plasia (Fig. 19-24). 

In primary aneurysmal bone cysts, the recent démonstration of 
translocations involving the USP6 gene on chromosome 17 sug- 
gest that this lésion is actually a benign neoplasm. The most com- 
mon translocation is a t(16;17) (q22;pl3), which results in fusion of 
the USP6 gene with CHH11 (a gene encoding osteoblast cadherin), 
but several other translocation partners hâve been described. These 
translocations hâve not been found in secondary aneurysmal bone 
cysts. In about 50% of patients, the lésion recurs once or several 
times after curettage. 
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FIGURE 19-17 A, Photomicrograph of tissue curetted from a simple bone 
cyst after fracture. Local hemosiderin deposits, chronic inflammation with 
many cholestérol clefts, and a rapidly forming callus are présent (H&E, x 
2.5 obj.). B, Higher power view to demonstrate the focal heavy hemosiderin 
déposition (H&E, x 10 obj.). 



FIGURE 19-18 The membranous wall of this simple bone cyst reveals a 
peculiar, irregularly arranged calcifie matrix, which morphologically somewhat 
resembles the tissue présent in a cementoma of the jaw. Such lésions are 
referred to as cementifying bone cysts, although the material is likely to be 
calcified fibrin (H&E, x 10 obj.). 




FIGURE 19-19 Location and âge distribution of aneurysmal bone cyst. 


It is most important to differentiate this lésion both radiograph- 
ically and microscopically from a telangiectatic osteosarcoma, a 
differential diagnosis that may on occasion be very difficult. 

GIANT CELL REPARATIVE GRANULOMA 
(SOLID ANEURYSMAL BONE CYST) 

A giant cell reparative granuloma is a benign, intraosseous 
lésion most commonly seen in the mandible or maxilla but also 
reported in the small bones of the hands and feet (Fig. 19-25) as 
well as in other bones. Although these lésions may présent in 
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FIGURE 19-20 Anteroposterior radiograph of the lumbar spine of a woman 
in her mid-20s who reported low back pain. Examination revealed a scoliotic 
deformity and slight local tenderness.This film shows collapse of the L4 body, 
with a huge expansion of the transverse process.The cortex is intact and the 
bone has a honeycombed trabeculated appearance; the pedicle is not seen on 
the affected side. 

patients at any âge, most are in the second or third decade. The 
clinical signs are localized pain and swelling of variable duration. 
Imaging studies reveal a lucent defect expanding the bone. The 
cortex is frequently thinned and there is little evidence of sur- 
rounding sclerosis. 

On gross examination, tissue obtained from a giant cell reparative 
granuloma appears grayish brown and is often friable. Microscopie 
examination of the tissue reveals varying degrees of cellularity, with 
predominantly unremarkable fibrohistiocytic spindle cells (Fig. 
19-26). Foamy histiocytes and sparse chronic inflammatory cells 
may also be présent. Mitotic activity is rare. Characteristically, giant 


FIGURE 19-22 Low-power photomicrograph reveals that the tissue of an 
aneurysmal bone cyst contains a cellular stroma, often with many giant cells 
and immature bone formation (H&E, x 4 obj.). Note that the blood-filled 
spaces are not lined by vascular endothélium. 

cells, clustered in areas of recent and old hemorrhage, are scattered 
throughout the lésion. New bone formation and osteoid may be 
seen, again usually at sites of hemorrhage. 

The differential diagnosis of giant cell reparative granuloma 
includes the brown tumor of hyperparathyroidism, conventional 
giant cell tumor, and aneurysmal bone cyst. The following consid¬ 
érations may prove helpful in sorting through the differential diag¬ 
nosis of a suspected giant cell reparative granuloma. The clinical 
présentation of a solitary lésion, as well as laboratory findings of 
normocalcemia and normophosphatemia, mitigate against a brown 
tumor of hyperparathyroidism. A conventional giant cell tumor 
has generally a different location from a reparative granuloma, a 



FIGURE 19-21 A, Radiograph of an aneurysmal bone cyst shows a septated, subperiosteal blowout lésion. Note the irregular cortical margins at the lesion's 
interface with the shaft of the bone. B, Viewed grossly, the lésion resected from the patient shown in A is a spongy, honeycombed, blood-filled mass with cystic 
spaces of various sizes, some containing osseous tissue within the septated walls. 
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FIGURE 19-23 Photomicrograph demonstrates the many giant cells lining 
the septa.This feature helps to distinguish an aneurysmal bone cyst lining 
from the fibrous lining space of a simple bone cyst (H&E, x 4 obj.). 


more homogeneous morphology, with a diffuse uniform distribu¬ 
tion of the giant cells; the stromal cells of a giant cell tumor are 
more rounded and less spindle shaped, and little or no inflamma¬ 
tion is évident. However, the differential diagnosis may be difficult 
in the case of an involutional giant cell tumor. A giant cell repara- 
tive granuloma lacks the large blood-filled channels seen in aneu¬ 
rysmal bone cysts. As with ail bone tumors, it is important to note 
that the typical locations and clinical présentations of the various 
lésions are different. 



FIGURE 19-25 Radiograph of a giant cell reparative granuloma of the fourth 
metacarpal. A lucent lésion expands the bone with thinning and expansion 
of the cortex. No calcification has occurred.The shaft of the bone protrudes 
into the expansile lésion, resembling a finger inside a balloon.This radiologie 
finding is also common in aneurysmal bone cysts when they affect small 
tubular bones and is evidence of rapid growth. 



FIGURE 19-24 A, Radiograph of the forearm, showing an eccentric and expanded cystic lésion of the lower diaphysis of the distal radius. An intact shell of 
periosteal bone is seen over most of the lésion. In the shaft of the radius, there is a poorly defined central lucency. In this case of aneurysmal bone cyst, there 
was microscopie evidence of an underlying focus of fibrous dysplasia. B, Gross photograph shows the large blood-filled cavities and extensive hemosiderin 
staining. C ( Photomicrograph demonstrating the juxtaposition of the aneurysmal bone cyst ( darker ; lower left) and a focus of coexisting fibrous dysplasia 
(upperright) (H&E, x 10 obj.). 
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FIGURE 19-26 A, Low-power photomicrograph of a giant cell reparative granuloma. Spindle-shaped fibroblasts constitute the bulk of the lésion. Foci of giant 
cells can be seen, clustered in areas of extravasated blood and often accompanied by iron hemosiderin deposits (H&E, x 4 obj.). B, A higher power view shows 
the characteristic matted fibrous stroma (H&E, x 10 obj.). C, Giant cells are generally found around foci of extravasated blood (H&E, x 10 obj.). D, Areas of 
irregular reactive bone are frequently présent (H&E, x 10 obj.). In giant cell reparative granuloma, the differential diagnosis will therefore include giant cell 
tumor, aneurysmal bone cyst, and occasionally a bone-forming neoplasm. 


Although karyotypic abnormalities hâve been reported in a few 
cases of giant cell reparative granuloma (suggesting that these, too, 
represent benign neoplasms), translocations involving 17p of the 
type seen in primary aneurysmal bone cyst hâve not been reported 
to date. 

Treatment of a giant cell reparative granuloma consists of curet¬ 
tage or excision of the involved bone; however, récurrences are 
common in curetted lésions. 

HEMANGIOMA OF BONE 

Intraosseous hemangiomas are usually asymptomatic. The lésions 
most often affect the vertébral bodies or the slcull, although they 
may affect any bone, and when they présent clinically, it is usually in 
patients in the middle years of life. There is no familial tendency. 

Although hemangiomas are among the most frequently occur- 
ring tumors in the vertébral column, they are usually only identified 
as an incidental finding on imaging studies or after a careful autopsy 
study; as a clinical cause of disease, they represent only about 2% to 
3% of spinal tumors. The most common clinical présentation is that 
of neurologie symptoms caused by extension of the angiomatous tis- 
sue into the épidural space. 

Hemangiomas occur most commonly in the lower thoracic verte- 
brae, somewhat less frequently in the lumbar spine, and infrequently 


in the cervical spine and the sacrum. Erosion of the horizontal trabe- 
culae of the vertébral bodies leads to a typical radiographie appear- 
ance of accentuated, somewhat thickened vertical trabeculae (Fig. 
19-27). In children, the affected bone may hâve a stippled or mottled 
appearance on radiographie examination. Cortical expansion may 
be seen in fiat bones such as the ribs and skull (Fig. 19-28), and in the 
skull a characteristic sunburst appearance is often présent. 

Gross examination of a sectioned hemangioma reveals a cystic, 
dark red cavity. The microscopie structure of this cavity consists of 
thin-walled cavernous blood vessels or proliferating capillaries lined 
with thin, flattened epithelium (Fig. 19-29). 

Hemangiomas usually follow an indolent course, but they may 
be complicated by fracture, extraosseous extension, or hemorrhage. 
As with vascular tumors in general, hemangiomas of bone may be 
multifocal within a single bone or in one région of the body. 

SKELETAL HEMANGIOMATOSIS/ 
LYMPHANGIOMATOSIS (CYSTIC ANGIOMATOSIS 
OF BONE, LYMPHANGIECTASIS OF BONE) 

Systemic hemangiomatosis/lymphangiomatosis of the skeleton is 
usually diagnosed incidentally on imaging studies, or as the resuit 
of complications such as pathologie fractures, soft tissue masses 
(rarely), or chylous or hémorrhagie effusions into the pleural cavity. 
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FIGURE 19-27 Radiograph of a hemangioma of a vertébral body demonstrates 
the characteristic, accentuated coarse trabecular pattern of the lésion. 


The patients are usually in the first 3 décades of life at the time of 
diagnosis. Hemangiomas or lymphangiomas in the skeleton are often 
seen in association with viscéral hemangiomas and lymphangiomas, 
most commonly involving the spleen, pleura, and skin. There is no 
known familial tendency. 



FIGURE 19-28 Gross photograph of a section through a segment of rib 
that contains an expanding hemangioma. Both in the rib and in the vault 
of the skull such lésions may radiographically hâve a sunburst appearance. 
(Courtesy of Dr. Miguel Calvo.) 



FIGURE 19-29 A, Latéral radiograph of the right knee of a 15-year-old boy with a 3-month history of pain. B, There is a lytic lésion in the latéral margin of the 
patella with a sharp margin. C, The curetted tissue shows a capillary hemangioma (H&E, x 4 obj.). 
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The radiographie features of skeletal hemangiomatosis/lymp- 
hangiomatosis are similar to those of solitary hemangiomas. The 
lytic lésions usually hâve a fine peripheral rim of increased density 
(Figs. 19-30 to 19-32). 

On gross examination, the lésions are generally cystic, with a 
reddish fluid indicative of blood or a clear yellow fluid indicating a 
lymphatic origin (Fig. 19-33). Combinations of hemangiomas and 
lymphangiomas may be observed. On microscopie examination, the 
lésions consist of thin-walled vascular spaces lined with flattened 
endothélial cells and separated by collagen septa. 

Laboratory findings in patients with this condition are usually 
unremarkable, although increases in alkaline phosphatase activity 
hâve been reported. 



FIGURE 19-30 Latéral radiograph of the leg of a 79-year-old woman 
presenting with localized shin pain.There are multiple lytic lésions, which 
proved on biopsy to be hemangioma. 


The prognosis for patients with this disorder is variable, depend- 
ing on the degree and sites of involvement. Rare cases of heman- 
giomatosis with diffuse blastic skeletal lésions may mimic metastatic 
cancer; however, in these cases doser scrutiny reveals central lytic 
areas surrounded by dense sclerotic bone (Fig. 19-34). 

EOSINOPHILIC GRANULOMA (LANGERHANS' 

CELL HISTIOCYTOSIS) 

The clinical présentation and imaging studies in this condition very 
often suggest malignancy or infection. Despite genetic evidence that 
Langerhans' cell histiocytosis is a clonal prolifération of dendritic 
histiocytes, the clinical course and histopathology favor a reactive 
process and the essential nature of this disease remains unsettled. 



FIGURE 19-31 Radiograph of a hand with multiple hemangiomas. Lucent 
zones well demarcated from surrounding bone are évident. 



FIGURE 19-32 A, Radiograph of the pelvis of a 36-year-old man complaining of pain in the hip of some years standing. Multiple lytic and sclerotic lésions 
were présent throughout the skeleton.The differential diagnosis included osteopoikilosis and mastocytosis. B, Biopsy revealed hemangiomatosis (H&E, x 4 obj.). 
(Courtesy of Dr. Hubert Sissons.) 
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FIGURE 19-33 Gross photograph of hemangiomas of the vertébral bodies 
shows two well-demarcated, coarsely trabeculated red lésions, clearly 
demarcated from the normal cancellous bone. 

Eosinophilie granuloma of bone may présent as a unifocal lésion 
or as multifocal lésions, sometimes with systemic soft tissue involve- 
ment. About 80% of cases of éosinophilie granuloma of bone are 
solitary. Classically, they présent in boys in the first decade of life, 


and 75% of cases occur before the âge of 20 years. The most com- 
monly affected parts of the skeleton are the proximal fémoral meta- 
physis, the skull, mandible, ribs, and vertébral column (Fig. 19-35). 
Patients may report pain or local tenderness. Laboratory tests are 
usually unremarkable, although the érythrocyte sédimentation rate 
may be elevated. Eosinophilie granuloma may also occur in soft tis¬ 
sue, including the skin, oral mucosa, lymph nodes, and lungs. When 
the lung is affected, patients may develop progressive fibrosis with 
impaired pulmonary function. 

The term Hand-Schüller-Christian syndrome (which originally 
referred to a classic triad of skull defects, exophthalmos, and dia¬ 
bètes insipidus) is now used to include instances of more chronic 
évolution, occurring generally in children older than 3 years, with 
multiple cranial and other bony lésions and sometimes involve- 
ment of other Systems or with one of the other classic symptoms 
(exophthalmos or diabètes insipidus). However, the complété triad 
has been rarely noted in the reported cases. 

On imaging studies, one or more circumscribed lytic defects may 
be évident in a bone (Fig. 19-36). These defects usually lack sclerotic 
margins. In the spine, collapse of a vertébral body (vertebra plana) 
is a common présentation (Fig. 19-37). In the long bones, the lésion 
is usually located in the diaphysis and the cortex is often eroded. 
Sometimes in long bones, a destructive permeative pattern with 
periosteal new bone formation can be seen, suggesting malignancy 
(Fig. 19-38). 

Surgical specimens submitted for pathologie examination are 
usually in the form of multiple curetted fragments, typically consist- 
ing of glistening reddish tissue with flecks of opaque yellow material 
throughout (Fig. 19-39). The tissue is characterized microscopically 
by a mixture of eosinophils, plasma cells, lymphocytes, and atypi- 
cal large mononuclear and multinucleated giant cells with abundant 
pale-staining cytoplasm and indented or cleaved nuclei (Langerhans' 
cells). A variable degree of necrosis and fibrosis may be évident, 



FIGURE 19-34 A, Radiologically, hemangiomas are characteristically lucent lésions, although the surrounding bone reaction may be sufficiently sclerotic to 
resuit in radiodensity. Sometimes this appearance is the dominant pattern, as seen in this clinical radiograph, with multiple densities throughout the skeleton 
mimicking a malignant bone-forming metastatic tumor. B, Cross-section of the spine removed at autopsy from the patient with hemangiomatosis shown in 
A. Note the disruption of the normal cancellous architecture of the vertébral bone. Multiple areas of dense bone, often with dark reddish centers, can be seen 
adjoining areas of osteopenia, in which the underlying yellow fat is readily évident. 
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FIGURE 19-34—CONTD C, Radiograph of the specimen. Within the areas 
of density there are relatively lucent foci that represent the hemangioma. D, 
Photomicrograph of one of the dense lésions illustrated. Vascular channels of 
various sizes and shapes can be seen.The thickened bone appears immature, 
with increased cellularity and irregular architecture (H&E, x 4 obj.). 

as may reactive cells such as foamy macrophages. Mitotic activity 
is minimal (Fig. 19-40). On électron microscopy, the Langerhans' 
cell displays characteristic racket-shaped inclusion bodies in the 
cytoplasm (Birbeck granules) (Fig. 19-41). The Langerhans’ cells are 
positive for the S-100 protein and CD1A. (Because of the heteroge- 
neity of the lésion, it may occasionally be mistaken microscopically 
for Hodgkins disease.) 

Patients with unifocal lésions may show spontaneous régression. 
If treatment is indicated, then curettage or small doses of radiation 
for inaccessible lésions is generally used. In general, the prognosis 
is good if a second lésion does not appear within 1 year. In patients 
who présent with a more systemic illness characterized by fever, 
organomegaly, and multiple osseous lésions, the course of the dis¬ 
ease is likely to be protracted. 

Eosinophilie granulomas hâve been considered as one of a group 
of disorders known as the histiocytoses, which include also Hand- 
Schüller-Christian disease and Letterer-Siwe disease; the former is 
probably better thought of as multiple éosinophilie granulomas, and 
Letterer-Siwe disease (a rare disease of infants with a characteristi- 
cally fulminant course) may be an unrelated condition. 

UPID GRANULOMATOSIS OF BONE 
(CHESTER-ERDHEIM DISEASE) 

This is a rare disease of adults, mostly in their 40s and 50s, gener¬ 
ally characterized radiographically by a diffuse symmetrical sclero- 
sis mainly of the metaphyses and diaphyses of major long bones. 
Imaging studies hâve shown coarsening of the trabeculae, endosteal 
thickening and sometimes cortical raréfaction (Fig. 19-42). Unlike 
Paget’s disease, no change in the long bony contour is generally seen. 
The affected individuals may hâve vague, localizing, aching pain, 
but this is not always présent. In general, these patients do not hâve 
hypercholesterolemia. 

The first two cases of this condition were described by Chester, a 
pupil of the Viennese pathologist Erdheim. In one of Chester’s cases, 
there was also viscéral involvement by lipid granulomatosis. 

Microscopie examination of the bone shows replacement of the 
marrow spaces by foamy histiocytes with focal fibrosis, mild chronic 
inflammation, and new bone formation leading to bony sclerosis, 
which may hâve a pagetoid appearance (Fig. 19-43). The microscopie 
appearance is not diagnostic and, in the absence of imaging studies 



FIGURE 19-35 Location and âge distribution of éosinophilie granuloma. 

and clinical corrélation, may be interpreted as a healed éosinophilie 
granuloma or nonossifying fibroma. In some cases, it is possible to 
find groups of cleaved histiocytes that are S-100 positive, suggesting 
that Chester-Erdheim disease is related to Langerhans’ cell histiocy- 
tosis and is an indolent late stage of the disease. 

SINUS HISTIOCYTOSIS WITH MASSIVE 
LYMPHADENOPATHY (ROSAI-DORFMAN DISEASE) 

Sinus histiocytosis with massive lymphadenopathy is generally a 
systemic disease of teenagers or young adults, distinguished by a 
prolifération of the distinctive lining histiocytes of the sinusoids 
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FIGURE 19-36 Radiograph of the skull in a child with éosinophilie granulomas. 
Several lytic lésions are évident. (Courtesy of Dr. Robert Freiberger.) 

of the lymph nodes, or hematopoietic System, which demonstrate 
numerous phagocytized lymphocytes within their cytoplasm. 

However, when the disease présents in bone, about one third of 
the cases reported hâve had no evidence of lymphadenopathy at 
the time of présentation. Presenting symptoms may be local pain or 
swelling, which is generally associated with fever and general mal¬ 
aise. On imaging studies, the bone lésions are typically osteolytic 
and may be confused with either éosinophilie granuloma or malig- 
nant lymphoma (Fig. 19-44). With local disease, the prognosis is 
good; however, it is graver in the presence of widely disseminated 
disease. 

The typical microscopie finding is the presence of large swollen 
histiocytes with large vesicular nuclei, occasionally prominent nucle- 
oli, and abundant éosinophilie cytoplasm with darker staining in the 
perinuclear area. Some of the cells demonstrate emperipolesis (active 
pénétration of one cell by another, in contrast to phagocytosis), which 



FIGURE 19-38 Radiograph of a child who presented with a slight fever 
and pain and swelling in the lower fémur. Biopsy proved the lésion to be an 
éosinophilie granuloma. The radiologie differential diagnosis might include 
Ewing's sarcoma, osteomyelitis, or even osteosarcoma. 


is one of the hallmarks of the disease. Most of the internalized lym¬ 
phocytes are well preserved and located within histiocytic cytoplasm 
vacuoles. Occasionally, plasma cells, red blood cells, and other hema- 
tolymphoid éléments also can be présent within the cytoplasm of 
the histiocytes. A foamy appearance of some of the histiocytes is an 
unusual secondary feature (Fig. 19-45). 

The histiocytes in Rosai-Dorfman disease are S-100 protein 
positive and CD1 négative. 

SYSTEMIC MASTOCYTOSIS 

Systemic mastocytosis is a rare condition that involves the bone 
and other organs. Although generally a benign indolent disease, 
exceptionally it may pursue an aggressive course. Bone lésions are 


FIGURE 19-37 Latéral radiograph (A) of the 
lumbar spine in an 8-year-old child, showing 
a lytic lésion of L3, with partial collapse. A 
latéral radiograph (B) of the same patient, 1 
month later, shows that the vertébral body has 
now collapsed down to a thin sclerotic wafer, 
which is somewhat increased in anteroposterior 
diameter. This appearance is characteristic of 
Calve's disease, which at one time was believed 
to be a form of osteochondritis but which is 
now recognized to be most often the resuit of 
éosinophilie granuloma. 
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FIGURE 19-39 Gross photograph of curetted tissue obtained from a 
patient with an éosinophilie granuloma shows typically scant reddish gray 
fragments of tissue flecked with dense yellow areas. These yellow areas 
represent loci of lipid accumulation or necrosis. 


characterized by both osteoporosis and osteosclerosis, and sys- 
temic involvement by hepatosplenomegaly and lymphadenopathy; 
there may be mast cell infiltration in the skin (urticaria pigmen- 
tosa), gastrointestinal tract, heart, and lungs. 

Systemic disease may be accompanied by anémia, leukocytosis, 
leukopenia, eosinophilia, basophilia, or hypocholesterolemia, and 
because mast cells secrete a variety of biologically active agents, 
including histamine, heparin, prostaglandins, serotonin, and muco- 
polysaccharidases, in some individuals, the clinical présentation is 
characterized by the effects following degranulation of mast cells. 
Among these effects are flushing, pounding headache, broncho- 
spasm, hypotension, diarrhea, rhinorrhea, urticaria, palpitation, 
dyspnea, peptic ulcer, and gastrointestinal bleeding. 

In patients with skeletal involvement, imaging studies typically 
show diffuse, poorly demarcated sclerotic and lytic areas involving 
predominantly the axial skeleton (Fig. 19-46). However, discrète cir- 
cumscribed lésions can occur, especially in the skull and extremities, 
and may be mistaken for metastatic disease (Fig. 19-47). In a young 
person, the condition may first appear as a localized permeative 
and occasionally sclerotic tumor, and may be mistaken for Ewing s 




FIGURE 19-40 A, Low-power view of tissue curetted from a patient with an éosinophilie granuloma demonstrates the lesion's variegated hypercellular 
appearance.This should not be confused with inflammatory tissue from a patient with osteomyelitis (H&E, x 4 obj.). B, A higher power view demonstrating 
lymphocytes, histiocytes, and occasional giant cells (FI&E, x 10 obj.). C ( In this photomicrograph, the mixed cellular appearance of an éosinophilie granuloma 
can be appreciated. In addition to plasma cells and eosinophils, large histiocytes (Langerhans' histiocytes) are présent. Occasionally, especially if the tissue is 
scarred, confusion with Hodgkins disease may be a problem (H&E, x 10 obj.). D, A higher power to show the variegated appearance of the histiocytes. A few 
eosinophils are présent (H&E, x 40 obj.). 
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FIGURE 19-40—CONT'D E ( Diagram of the various cells seen in 
éosinophilie granuloma (drawn to scale). Histiocyte (A), plasma cell showing 
a cartwheel nucléus (B), eosinophil (C), and lymphocyte (D). 


sarcoma. In such a case, isotope bone scanning is useful, and both 
technetium and gallium scans may demonstrate diffuse generalized 
uptake; gallium in particular is taken up by the mast cells. 

Microscopie examination of tissue removed from the bone of 
patients with mastocytosis shows diffuse or focal replacement of the 
bone marrow, usually with a mixture of cells including lymphocytes, 
eosinophils, plasma cells, fibroblasts and increased numbers of mast 
cells. The latter, however, may be easily overlooked unless a metach- 
romatic stain is performed. Occasionally, the cellular infiltrate is 
composed predominantly of mast cells. In rare cases in which the 
mast cells show cytologie features of atypia, it may be confused with 
lymphoma (Fig. 19-48). 

It has been reported that, at least in some cases, mastocytosis 
results from a point mutation in the proto-oncogene c-kit. 



FIGURE 19-41 Electron micrograph of a histiocytic giant cell from a patient 
with éosinophilie granuloma shows a typical Birbeck granule in the cytoplasm 
(magnification x 100,000). 

GIANT CELL TUMOR 

A conventional giant cell tumor of bone is a locally aggressive neo- 
plasm most commonly seen in the ends of long bones, usually the 
lower end of the fémur, the upper end of the tibia, or the lower 
end of the radius. Women are affected about one and a half times 
more frequently than men. Affected individuals may complain of 


FIGURE 19-42 Radiographs of left wrist (A) and 
lower leg (B) in a 50-year-old female patient with 
lipogranulomatosis of the bone (Chester-Erdheim 
disease). Note the patchy sclerosis with coarsening 
of the trabeculae. Unlike Paget's disease, the 
cortex is generally smooth and the bone contour 
un affected. 
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FIGURE 19-43 A, Anteroposterior radiograph of the lower fémur and knee joint of a 65-year-old woman with pain in the legs.There is increased density in 
both fémur and tibia. B, Reformatted coronal computed tomography scan highlights the increased bone density. C ( Photomicrograph shows replacement of 
the marrow spaces by fibrohistiocytic tissue.The bone trabeculae are thicker and irregular (H&E, x 4 obj.). D ( Higher power shows the irregular cernent lines in 
the bone, giving it a pagetoid appearance.The marrow is filled with bland plump spindle cells, many having a vacuolated cytoplasm (H&E, x 10 obj.). E, Higher 
power view of D (H&E, x 25 obj.). F, The plump vacuolated spindle cells are positive for CD68 (Immunoperoxidase, x 25 obj.). 
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pain, show signs of local swelling, or hâve a pathologie fracture 
through the lésion. Multicentric lésions hâve been reported but are 
extremely rare (Fig. 19-49). In those rare cases in which the jaw or 
the spine is involved, evidence of pre-existing Paget s disease should 


be sought. Primary cases of giant cell tumor in the axial skeleton 
are characteristically seen in the sacrum of young women. Giant 
cell tumor most often occurs in the third and fourth décades of life, 
and is rare in skeletally immature subjects. Rare cases hâve been 



FIGURE 19-44 A, Latéral radiograph of the arm of a 26-year-old man with localized diaphyseal lucency, which on biopsy, proved to be Rosai-Dorfman disease. 
The differential diagnosis included éosinophilie granuloma, malignant lymphoma, infection, and metastasis. B, A 32-year-old man with recent back pain on 
radiographie examination was shown to hâve a well-defined lytic lésion of the left ilium with a sclerotic margin, suggesting a benign process such as fibrous 
dysplasia, chondromyxoid fibroma, or fibroxanthoma. Biopsy revealed Rosai-Dorfman disease. (A courtesy of Dr. Howard Dorfman.) 



FIGURE 19-45 A, Photomicrograph reveals a mixed cell population of a few distinctive histiocytes with abundant éosinophilie cytoplasm and round to oval nuclei 
with prominent nucleoli. Admixed with these cells are plasma cells and lymphocytes (H&E, x 10 obj.). B, Some of the histiocytes show well-preserved lymphocytes or 
neutrophils within their cytoplasm (emperipolesis) (H&E, x 25 obj.). 
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FIGURE 19-45—CONTD C, The typical appearance of the histiocytes in Rosai-Dorfman extranodal sinus histiocytosis is of celLs with large vesicular nuclei, 
occasional prominent nucleoli, and abundant éosinophilie cytoplasm with darker staining in the perinuclear area (H&E, x 25 obj.). D, Immunoperoxidase 
staining using CD68 antibody reveals positive histiocytes throughout the lesional tissue (x 10 obj.). E, Immunoperoxidase staining using CD64 antibody 
confirms the presence of histiocytes (x 10 obj.). F, Immunoperoxidase staining using S100 protein antibody labels the lesional histiocytes (x 10 obj.). 

(A, B, and C courtesy of Dr. Mark Edgar.) 



FIGURE 19-46 A, Computed tomography scan of sacrum and pelvis of a 70-year-old man complaining of pain in the buttock of recent origin. There is patchy 
bony sclerosis with focal osteolysis. The presumptive diagnosis was metastatic carcinoma. B, A biopsy of the ileum revealed a mixed fibrous and inflammatory 
infiltrate of the marrow space, but no evidence of tumor; many of the mononuclear cells had a granular cytoplasm, which stain with Giemsa in this case of 
mastocytosis (Giemsa, x 25 obj.). 
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FIGURE 19-47 A, Radiograph of a 14-year-old girl with a 6-month history of pain in the hip, which proved histologically to be caused by a mastocytoma. 

B, Photomicrograph of tissue obtained from the case demonstrated in the radiograph in A. The rounded bizarre cells with abundant cytoplasm and many giant 
cell forms suggested a malignancy, although careful searching showed no mitotic figures. Electron microscopie studies in this case confirmed the presence in the 
cells of typical mast cell granules (H&E, x 25 obj.). (Courtesy of Dr. Edward McCarthy, Baltimore, MD.) 



FIGURE 19-48 A, A 42-year-old man with osteoarthritis underwent right total hip replacement. Clinically he was anémie. B, Photomicrograph demonstrates 
sheets of pale vacuolated cells focally replacing the bone marrow. Note that there is some thickening of the trabeculae, which reflects the spotty diffuse 
sclerosis often seen in clinical radiograph of patients with mast cell disease (H&E, x 4 obj.). C, A higher power photomicrograph shows the large foamy cells 
with bland nuclei and a faintly granular cytoplasm (H&E, x 10 obj.). D, Strongly positive staining with immunoperoxidase using anti-mast cell tryptase 
(x 25 obj.). (These cells were also reported as being strongly positive when CD117 was used.) 
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FIGURE 19-49 Location and âge distribution of giant cell tumor. 


reported in children, in whom the growth plate is active and the 
lésions were metaphyseal in location. 

Imaging studies generally reveal a well-defined defect in the meta- 
physis and epiphysis that is usually eccentrically located and extends 
to the subchondral bone end plate of the articular surface. There is 
usually no evidence of sclerosis around the lésion (Figs. 19-50 and 
19-51). Occasionally the lésion may hâve an aggressive radiographie 
appearance, but generally, this does not correlate with aggressive 
histologie features or prognosis. 

Grossly, the unaltered lesional tissue appears rather homoge- 
neous, with a tan color and a moderately firm consistency (Fig. 
19-52). However, foci of hemorrhage or necrosis may be observed 
in many tumors. 



FIGURE 19-50 Radiograph of the distal fémur and knee joint of a 30-year-old 
woman who reported pain in the knee shows a sharply demarcated lytic and 
eccentric lésion involving the epiphysis and metaphysis in a manner characteristic 
of a giant cell tumor. 


The microscopie examination of the tumor shows a background of 
proliferating, homogeneous mononuclear plump stromal cells, which 
hâve a round to ovoid nuclei, with evenly distributed chromatin and 
prominent nucleoli; dispersed evenly throughout the tissue are multi- 
nucleated giant cells, some having vacuolated cytoplasm (Fig. 19-53). 
Focal areas with spindle cell and even a storiform pattern may be prés¬ 
ent giving the appearance of benign fibrous histiocytoma (Fig. 19-54). 
Vascular invasion by the tumor is commonly seen. In many cases, foci 
of reactive bone are présent, particularly at the periphery of the tumor 
(Fig. 19-55), and in yet other areas, involutional changes with lipid- 
filled histiocytes may be observed (Fig. 19-56). These infrequent pat¬ 
terns may give rise to occasional problems in differential diagnosis. 
Immunohistochemical studies indicate that the giant cells in giant cell 
tumors that express histiocytic markers are reactive cells recruited 
to the tumor by the neoplastic mononuclear cells that release RANI< 
ligand, a trophic factor for osteoclasts. 

After curettage, conventional giant cell tumors hâve a high local 
récurrence rate (50%). Therefore, surgical excision is the treatment 
of choice. In conventional giant cell tumors, lung métastasés only 
rarely appear and usually can be successfully treated by surgical 
excision (Fig. 19-57). 

Malignant dedifferentiation within a conventional giant cell tumor 
has long been recognized as an occasional complication of radiation 
therapy. The interval between radiation and the diagnosis of malig- 
nancies has varied between 1 and 25 years, with an average interval 
of 8 years. Dedifferentiation within a conventional giant cell tumor 
occurring in the absence of prior radiation therapy is extremely rare. 

Microscopically, malignant transformation is characterized by the 
presence of focal areas of anaplastic pleomorphic tumor cells and atyp- 
ical mitoses; it is necessary that there are areas of identifiable conven¬ 
tional giant cell tumor présent or, in the case of postradiation sarcoma, 
that the prior diagnosis of giant cell tumor be confirmed (Fig. 19-58). 
It is important to note that vascular invasion, soft tissue extension, and 
high mitotic activity do not in themselves establish malignancy. 
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Malignant degeneration in giant cell tumor should be regarded in 
the same way as malignant degeneration/dedifferentiation described 
in other soft tissue and osseous neoplasms, such as low-grade ostéo¬ 
génie sarcoma, enchondroma and low-grade chondrosarcoma, and 
even in pigmented villonodular synovitis. 


Conventional giant cell tumor of bone frequently demon- 
strates telomeric associations by conventional cytogenetics (i.e., 
a tendency for the telomeric ends of chromosomes to associate 
with one another), but so far, a spécifie genetic signature has not 
emerged. 



FIGURE 19-51 A, Anteroposterior radiograph of a knee demonstrates a large lytic defect involving the proximal tibial epiphysis and metaphysis. Note the 
well-defined but nonsclerotic margin. B, In the latéral radiograph, a pathologie fracture can be seen posteriorly. (Courtesy of Dr. Alex Norman.) 



FIGURE 19-52 A, Radiograph of a lytic lésion in the proximal end of the first metacarpal bone, through which there has been a pathologie fracture. On biopsy, 
this lésion proved to be a conventional giant cell tumor. B, Photograph of the transected specimen removed from A. The pinkish tan soft tissue seen here is 
typical of a giant cell tumor. 
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FIGURE 19-53 A, Photomicrograph of a conventional giant cell tumor reveals the cellular nature of the lésion and the giant ce Ils that are evenly distributed 
throughout. (The presence of giant cells alone does not confirm the diagnosis of a giant cell tumor. Many lésions contain giant cells; it is the combination 
of mononuclear stromal cells and giant cells that is diagnostic of giant cell tumor.) (H&E, x 4 obj.) B, Another field of the same tumor demonstrates 
the homogenous, mononuclear stromal cells and the evenly distributed multinucleated giant cells (H&E, x 10 obj.). (C) High-power picture of another 
field compared with the previous photomicrograph; some of the giant cells are much larger and appear to be phagocytosing adjacent mononuclear cells 
(H&E, x 25 obj.). 




FIGURE 19-54 It is not unusual in giant cell tumor to see a focal spindling 
out of the stromal cells, which form a storiform pattern similar to that seen 
in a nonossifying fibroma or benign histiocytoma (H&E, x 10 obj.). 


FIGURE 19-55 Photomicrograph demonstrating irregular and extensive 
bone formation in the periphery of an otherwise typical conventional giant 
cell tumor. Such an appearance should not be confused with a giant cell—rich 
osteosarcoma (H&E, x 10 obj.). 
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FIGURE 19-56 Photomicrograph of tissue obtained from a giant cell tumor 
of long standing shows foci of lipid-laden macrophages, fibrosis, and chronic 
inflammation. In some cases, especially following fractures, such involutional 
areas may be widespread (H&E, x 10 obj.). 



FIGURE 19-57 Photomicrograph to show a nodule of metastatic 
conventional giant cell tumor in the lung. Note that at the edge of the 
tumor nodule there is bone formation (H&E, x 4 obj.). 




Malignant tumor 


Giant-cell tumor 




FIGURE 19-58 A, Photomicrograph showing conventional giant cell tumor on the lower left and dedifferentiated tumor on the upper right (H&E, x 10 obj.). 
B, Within the dedifferentiated tumor, there is an atypical mitosis and cells with large nuclei and clumped chromatin (H&E, x 25 obj.). C, In other areas of 
the dedifferentiated tumor, malignant bone matrix formation is présent (H&E, x 10 obj.). 
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LIPOMA OF BONE 

Benign fatty tumors of bone are among the rarest skeletal tumors. 
They hâve been described in patients of ail âges, especially in 
the long bones. They may présent as either subperiosteal or 
intramedullary lésions. In either case on imaging studies, they are 
lytic, although occasionally calcification within necrotic fat may 
give rise to confusion with a bone infarct (Fig. 19-59). 


The intramedullary lésions hâve well-defined borders and occa¬ 
sionally a bubbly appearance. The periosteal lésions are also lytic 
and usually erode the cortex. On gross examination, the tumor is 
characteristically a lobulated, soft, yellow mass. Microscopie exami¬ 
nation reveals mature fat, usually containing thin, residual cancel- 
lous bone trabeculae (Fig. 19-60). A 3;12 translocation common in 
soft tissue lipomas has been demonstrated in a parosteal lipoma. 



FIGURE 19-59 A, Radiograph of an ankle shows fusiform swelling of the lower end of the fibula due to a lytic trabeculated intraosseous mass. In the center of 
the lésion, there is focal dense calcification. B, Photograph of a section through the dissected distal fibula shown in A. The lésion is composed of an admixture 
of fat and fine cancellous bone. C, Photomicrograph of tissue from the densely calcified area seen on the radiograph A shows heavily calcified scarring of 
necrotic fat within the lipoma (H&E, x 4 obj.). D, Photomicrograph of the lesional tissue in another area of the specimen shown in B, demonstrating punctate 
calcification within an area of fat necrosis (H&E, x 25 obj.). (Courtesy of Dr. Leonard Kahn.) 
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FIGURE 19-60 (A) Radiograph of a 60-year-old man who reported pain in the heel shows a well-defined lytic lésion with a sharp border. (The pain may well hâve 
resulted from the heel spur.) B, Photomicrograph of the curettings show a fatty tumor with included flecks of bone (H&E, x 10 obj.). (Courtesy of Dr. German Steiner.) 






Thomas Hodgkin (1798-1866). Hodgkin 
was one of the most prominent physicians of 
his time and a pioneer in préventive medicine. 
He is now best known for the first account of 
Hodgkins disease, a form of lymphoma, in 1832. 
Hodgkins work marked the beginning of times 
when a pathologist was actively involved in the 
clinical process. Hodgkin was born to a Quaker 
family, and in September 1819, was admitted to 
St. Thomas’ and Guy’s Medical School. He also 
studied at the University of Edinburgh, Scotland, 
where in 1823, Hodgkin qualified for his medical 
degree. Hodgkin was a close friend of Sir Moses 
Montefiore, and he accompanied him to Pales¬ 
tine in 1866. There he contracted dysentery and 
died on April 4, 1866; he is buried in Jaffa. (From 
Thomas Hodgkin. Wikipedia. Available at http:// 
en .wikipedia.org/wiki/ Thomas_Ho dgkin .) 


Malignant 

Nonmatrix-Producing 

Bone Tumors 



James Stephen Ewing (1866, Pittsburgh-1943, 
New York City). At âge 14, Ewing suffered from 
osteomyelitis of the fémur, which confined him 
to bed for 2 years. While bed bound, he entered 
a compétition and won a microscope, the instru¬ 
ment that was to play a strong rôle in his future 
interests in cancer. Ewing attended Amherst 
College. In 1888, he was accepted into the Col¬ 
lege of Physicians and Surgeons of New York, 
and graduated from the College 3 years later. In 
1899, Ewing was appointed the first Professor of 
Pathology at Cornell University, a position that 
he kept for 33 years. Ewing was a cofounder of 
the American Association for Cancer Research in 
1907, and in 1913, cofounded the American Soci¬ 
ety for the Control of Cancer (now the American 
Cancer Society). Ewing s textbook Neoplastic 
Diseases was published in 1919. The following 
year at a meeting of the New York Pathological 
Society, Ewing presented his paper on the malig¬ 
nant bone tumor that later became known as 
Ewing’s sarcoma. He responsible for the création 
of Memorial Sloan-Kettering Cancer Center in 
New York City. James Ewing died from bladder 
cancer at the âge of 76. (From the Wellcome 
Library, London.) 
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Ewing's Sarcoma (Primitive 
Neuroectodermal Tumor) 


Ewings sarcoma is a small cell malignant neoplasm of bone that 
develops in the diaphysis or metaphysis of long bones, especially 
the fémur, tibia, and humérus, as well as in the pelvis and ribs. It is 
essentially a tumor of childhood, with most patients being younger 
than 20 years of âge; boys are more commonly affected than girls 
(Fig. 20-1). Rarely Ewing’s tumors may arise in soft tissues. In the 
past, the term primitive neuroectodermal tumor has been often 
applied to extraskeletal Ewing’s sarcoma, but based on shared 
molecular features (vide infra), these two tumors are now consid- 
ered a single pathologie entity. 

Patients usually report pain or tenderness in the affected bone of 
several weeks’ or months’ duration. Physical examination may reveal 



FIGURE 20-1 Location and âge distribution of Ewing's sarcoma. 


swelling and tenderness. Fever, anémia, leukocytosis, and elevated 
érythrocyte sédimentation rates often initially suggest a diagno- 
sis of osteomyelitis, and because of the radiologie and microscopie 
appearance of the tumor, osteomyelitis may on occasion be the most 
important microscopie differential diagnosis. 

Imaging studies usually reveal a lytic, moth-eaten, mottled appear¬ 
ance, or sometimes even sclerosis (Figs. 20-2 and 20-3); classically a 
laminated periosteal reactive bone is présent on the surface (onion 
skin) (Fig. 20-4). Both magnetic résonance imaging (MRI) and com- 
puterized tomography (CT) provide better pretreatment assessment 
of the intramedullary and soft tissue infiltration of the tumor, which 
are often much greater than is suggested on plain films. 

Gross examination of intact specimens reveals poorly demar- 
cated, grayish white tumor tissue with areas of hemorrhage, cystic 
degeneration, and necrosis. The extent of the tumor is usually greater 
than that évident on radiographs, and extension of the tumor into 
adjacent soft tissue is common. 

On microscopie examination, Ewing’s sarcoma consists of a homo- 
geneous population of densely packed small cells. Nuclei are regular 
with a round to oval shape and finely granular nuclear chromatin and 
one or two small nucleoli. The cell membrane is indistinct in histologie 
sections but may be visible on tissue-touch imprints. The cytoplasm 
is generally délicate and lace-like. Mitoses are relatively infrequent 
(Fig. 20-5). Reticulin fibers (type 3 collagen) are sparse, but glycogen is 
évident after periodic acid-Schiff staining in more than 70% of cases 
and is usually found to be abundant on ultrastructural examination 
(Fig. 20-6). Areas of hemorrhage and necrosis are typically présent. 
Scattered dark apoptotic cells as well as nests of small pyknotic cells 
are typically found as are foci of tissue necrosis. Although commonly 
referred to as a small cell tumor, Ewing’s cells are actually two to three 
times larger than lymphocytes. Most Ewing’s tumors will show pos- 
itivity for the CD99 antibody in a diffuse membranous pattern. As 
well as vimentin, they may also demonstrate neuron-specific enolase, 
S-100 protein, and other neural markers. Electron microscopy may 
demonstrate neurosecretory granules. 



FIGURE 20-2 Radiograph of a 9-year-old child who reported pain in the hip 
joint shows a permeative destructive lésion of the ischium. Biopsy of this 
area showed a malignant round cell tumor consistent with Ewing's sarcoma. 
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FIGURE 20-3 Radiograph of a resected arm with Ewing's tumor shows more 
clearly than is normally seen in a clinical radiograph the pattern of bone 
destruction. 

Reciprocal translocation between chromosomes 11 and 22 
involving bands q24 and ql2 t(ll;22)(q24;ql2) occurs in the major- 
ity of cases and is also présent in the related small cell peripheral 
neuroectodermal tumors and Askin’s tumors. These cytogenetic 
techniques are effective when fresh tumor tissue is available, but 
démonstration of this translocation can also be achieved by reverse 
transcriptase polymerase chain reaction employing fixed tissue 
when fresh tissue is not available. Furthermore, fluorescence in situ 
hybridization techniques are now routinely used to demonstrate 
rearrangement of the Ewing’s sarcoma locus ( EWSR1 ) by employ¬ 
ing a break-apart probe that generates two spatially separate fluo¬ 
rescent signais when the gene has been rearranged as the resuit of 
translocation. 



FIGURE 20-4 Radiograph of a resected fibula in a 13-year-old adolescent who 
reported ankle pain shows an extensive permeative and destructive lésion in 
the distal fibula. There is élévation of the overlying periosteum, and periosteal 
new bone formation, which is présent in several layers, giving an onion skin 
appearance. Ewing's tumors are frequently located in the diaphysis, and in this 
respect, distinguishable from osteosarcoma, the other common malignant 
primary tumor of bone in young people, which usually occurs in the metaphysis. 



FIGURE 20-5 A, Photomicrograph of a portion of a Ewing's tumor shows the monotonous, homogeneous cell population. It is common for the lésion to show 
extensive necrosis or hemorrhage (H&E, x 4 obj.). B, Intermediate-power view demonstrates the characteristic uniformity of a Ewing's tumor with scattered 
cells having smaller and denser pyknotic nuclei (H&E, x 10 obj.). 


(Continued) 
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FIGURE 20-5 — CONT'D C, High-power view of a portion of a Ewing's tumor shows the small, round cells and the indistinct lacy appearance of the cytoplasm. 
Note the lack of prominent nucleoli in these cells (H&E, x 40 obj.). D, Photomicrograph of a direct imprint of fresh tumor tissue on a glass slide, subsequently 
stained with hematoxylin-eosin. By this technique, the cytologie detail of the cells is clearly demonstrated. A thin rim of délicate cytoplasm is seen around the 
vesicular nuclei, which lack any obvious nucleoli. A mitotic structure is noted in the upper central part of the field (x 100 obj.). 



FIGURE 20-6 A, Photomicrograph of a Ewing's tumor stained by the Wilder's method to demonstrate reticulin fibers. Note the lack of any reticulin network 
around the cells (x 25 obj.). B, Photomicrograph of a portion of a Ewing's tumor stained by the periodic acid-Schiff method demonstrates red-staining glycogen 
granules in the cytoplasm of most of the tumor cells (x 25 obj.). C, Electron photomicrograph of a Ewing's sarcoma cell shows the packing of cytoplasm with 
glycogen granules (x 30,000). 


The microscopie differential diagnosis of Ewing’s sarcoma includes 
osteomyelitis, éosinophilie granuloma, and the group of small cell 
tumors that includes lymphoma, leukemia, metastatic neuroblastoma, 
and embryonal rhabdomyosarcoma. However, with molecular probes 


and immunohistochemical techniques, différentiation between these 
entities generally no longer présents significant problems (Fig. 20-7). 

Ewing’s sarcoma has a high incidence of early metastatic spread, 
usually to the lungs or to other bones. However, the use of adjuvant 
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FIGURE 20-7 Photomicrograph of a Ewing's tumor stained with antibody 
to CD99 antigen (x 25 obj.). (Courtesy of Dr. Mark Edgar.) 

chemotherapy with radiation and surgical resection has consider- 
ably improved the outlook for patients with this tumor. 


Immunohematopoietic Neoplasms 


In cases of primary lymphoma, secondary involvement of the bone 
is présent in approximately 20% of ail patients; in ail types of leuke- 
mia, a diffuse involvement of the bone marrow is a feature. Primary 
intraosseous lymphomas are rare, but patients presenting with pri¬ 
mary bone lymphomas and no systemic involvement hâve a sub- 
stantially better prognosis than those with disseminated disease 
(Fig. 20-8). 

Primary bone lymphoma may occur at any âge but is unusual 
in patients during the first decade of life. Although local pain 
is the usual presenting symptom, the overall general health of 
the patient is good. Early changes on imaging studies include 
vague, mottled lucent areas; however, in long-standing lésions, 
there may be considérable bone destruction. Microscopie identi¬ 
fication dépends on the presence of cells of the lymphoid sériés 
that solidly pack the marrow space; a spécifie diagnosis dépends 
on the identification of the immunologie phenotype of the cell 
involved. 

PRIMARY NON-HODGKIN'S LYMPHOMA 

Primary non-Hodgkins lymphomas of bone are usually large cell 
lymphomas of B-cell origin. They usually présent in the axial 
skeleton or in the bones of the extremities. They occur mostly 
in patients older than 20 years of âge (more than 50% of these 
tumors occur in patients older than 40 years of âge). There is a 
slight male prédominance. Some cases présent with multifocal 
lésions. The characteristic clinical picture is that of a patient in 
generally good health but who reports localized pain, swelling, or 
tenderness. No fever or marked weight loss is noted in the typi- 
cal case. An appropriate staging procedure is required to rule out 
extraskeletal disease. 

On imaging studies, osteolysis is the prédominant change 
observed, with the resulting appearance of a moth-eaten destruc¬ 
tive lésion with no periosteal reaction (Fig. 20-9). Radionuclide bone 
scan as well as MRI and CT help evaluate the extent of the lésions; 
especially soft tissue extension. Gross examination reveals grayish 
white (fish flesh) tissue infiltrating the bone (Fig. 20-10). 




Age at clinical présentation (years) 


FIGURE 20-8 Location and âge distribution of malignant lymphoma. 


Microscopically, the tumor consists of sheets of lymphoid cells 
with variable nuclear characteristics that dépend on the type of lym¬ 
phoma (Fig. 20-11). However, most commonly, primary lésions are 
of the diffuse large cell type and hâve a polymorphonuclear appear¬ 
ance, with large cells having irregular cleaved nuclei, large cells with 
oval nuclei containing prominent nucleoli, and medium to small 
cells with cleaved, hyperchromatic nuclei. In addition to Ewings 
tumor, the differential diagnosis includes poorly differentiated met- 
astatic carcinoma, melanoma, and if the tissue is poorly preserved, 
osteomyelitis. 
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FIGURE 20-9 A 45-year-old man reported sudden onset of pain in the left 
arm. Radiograph shows a pathologie fracture through an area of permeative 
destruction of both the cortical and medullary bone, which proved on 
biopsy to be due to lymphoma.The fracture is recent, and there is little or 
no periosteal reaction either to the tumor or to the complicating fracture. 
Biopsy showed a large B-cell lymphoma. 


A panel of immunologie markers is necessary for positive iden¬ 
tification of cell type, including leukocyte common antigen, CD20 
(a pan B-cell marker), CD45Ro as a T-cell marker, and Kil (CD30) 
for the rare large cell anaplastic lymphoma. It is worth noting that 
lymphoblastic lymphoma (which may présent in childhood as an 
osseous lésion) is frequently positive for CD99 but négative for most 
B-cell markers, which can resuit in confusion with Ewings sarcoma. 
This tumor is best identified by nuclear staining for terminal deoxy¬ 
nucléotidyl transferase. 



FIGURE 20-10 An amputated toe from a patient with a primary non- 
Hodgkin's lymphoma of the bone. The middle phalanx has been completely 
destroyed by a fleshy pink tumor, which has extended both dorsally and 
ventrally into the soft tissue. 



FIGURE 20-11 A, Low-power photomicrograph of an area of non- 
Hodgkin's lymphoma shows the crowded, irregular mixed cell population 
(H&E, x4 obj.). B, At high power, there are both larger cells, frequently 
showing nuclear indentation and clefts, and admixed lymphocytes. 
Compared with the cells of Ewing's tumor, the cells are larger and the 
cytoplasmic borders are more distinct.The cells in a non-Hodgkin's 
lymphoma usually lackglycogen (H&E, x 25 obj.). C, Reticulin staining of 
the tumor shown in A reveals a fine network of réticulum separating small 
groups of cells as well as individual cells (x 10 obj.). Appropriate antibodies 
further help to subclassify the cell types. 
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The use of nonlymphoma markers such as keratin, desmin, and 
smooth muscle actin can help rule out other small cell tumors. 

The majority of cases of non-Hodgkins lymphoma hâve clonal 
chromosomal abnormalities with complex numerical and structural 
changes. 

HODGKIN'S DISEASE 

Hodgkins disease may involve bone secondarily and présent 
with bone pain, tenderness, and sometimes with a palpable mass. 
However, primary osseous involvement is rare. The vertebrae and 
pelvic bones are most commonly affected, but lésions may appear 
anywhere in the skeleton. Vertébral involvement may resuit in neu¬ 
rologie symptoms. 

The radiographie features of Hodgkins disease in the bone are 
variable; lésions may be lytic, blastic, or mixed. The radiologie find- 
ing of a dense ivory vertebra is a classic présentation (Fig. 20-12). 
Usually multiple bones are involved, even if this is not apparent 
radiographically. 

Microscopically, a characteristic mixed cell population can be 
observed, including plasma cells, lymphocytes, histiocytes, and 
eosinophils (Fig. 20-13). Large, irregular mononuclear cells are also 
présent, and should alert the observer to the possibility of Hodgkin s 
disease. A large amount of fibrous stroma may complicate the 
diagnostic process. The pathognomonic and necessary finding in 
Hodgkins lymphoma is the Sternberg-Reed cell. The Sternberg- 
Reed cell is large, with sharply delineated, abundant cytoplasm 
and a mirror image double nucléus having large, prominent, cen¬ 
tral éosinophilie nucleolus (Fig. 20-14). Conventional Sternberg- 
Reed cells express CD 15 and CD30. The differential diagnosis in 
Hodgkins disease may be difficult and especially with reactive or 



FIGURE 20-12 Anteroposterior radiograph of the spine in a 35-year-old man 
who presented with vague back pain. A single dense sclerotic vertebra is seen 
in the lower thoracic spine that, on biopsy, proved to be Hodgkins disease. In 
the bone, Hodgkins disease frequently exhibits considérable marrow fibrosis 
and reactive bone formation, which may be so severe as to obscure the 
lymphomatous tissue. 



FIGURE 20-13 Photomicrograph of an area of Hodgkins disease in bone 
shows a fibrous stroma with mixed cellular infiltrate of mostly small, round 
cells and few larger histiocytic cells (H&E, x 40 obj.). 



FIGURE 20-14 High-power photomicrograph demonstrates a binucleate 
Sternberg-Reed cell with prominent éosinophilie nucleoli (H&E, x 100 obj.). 

inflammatory conditions. The positive identification of Sternberg- 
Reed cells is therefore essential. 

LEUKEMIA 

Diffuse involvement of the bone marrow is a hallmark of ail types 
of leukemia. Skeletal pain constitutes the presenting complaint of a 
significant number of children but fewer adults. Radiographie bone 
changes ultimately occur in 70% to 90% of leukemic patients and 
are described as (1) a transverse lucent metaphyseal line in children, 
(2) osteolytic destruction, (3) periosteal élévation, (4) generalized 
osteopenia, or (5) focal sclerosis. 

A characteristic finding in children is a radiolucent band in the 
metaphysis of the long bones; similar bands may be found in the verté¬ 
bral bodies just beneath the end plates (Fig. 20-15). Perhaps the most 
common radiographie finding in both children and adults is diffuse 
demineralization of the spine with compression fractures, usually 
seen as anterior wedging. Epidural extension of the tumor with neu¬ 
rologie complications is not uncommon in leukemia, and sometimes 
constitutes the presenting symptom. Replacement of bone marrow 
by leukemic tissue may lead to ischémie necrosis of the affected bone 
and bone marrow (Fig. 20-16). Radiographie periosteal élévation is 
caused by subperiosteal leukemic masses. Sclerotic lésions are rare 
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FIGURE 20-15 A, Anteroposterior radiograph of the knee in an infant with recent onset of fever, showing a radiolucent zone in the metaphysis adjacent to the growth 
plate, which is a classic radiologie sign of acute leukemia. B, Photomicrograph to demonstrate replacement of the majority of the bone marrow by lymphocytic leukemia 
(H&E, x 4 obj.). C ( Somewhat higher power shows normal bone marrow ( upperright ) and the uniform monotonous lymphocytic infiltrate (lowerleft) (H&E, x 10 obj.). 


and are usually juxtaposed with lytic lésions. Radiographie features 
may mimic Ewings sarcoma and other round-cell lésions. 

The clinical diagnosis is especially difficult when a solid tumor 
develops significantly before the characteristic hématologie 
changes of leukemia. Solid leukemic tumors are found in as many 
as 40% of cases at autopsy, and they are the presenting feature of 
leukemia in up to 2% of cases. 

Myelogenous leukemia can produce solid tumors called chloro- 
mas or granulocytic sarcomas. Granulocytic sarcomas are collec¬ 
tions of myelogenous leukemic cells outside of the bone marrow. 
(Their characteristic yellow-green color is frequently absent, so 
granulocytic sarcoma is a more accurate name for these leukemic 
tumors than is chloroma.) Granulocytic sarcomas are most com- 
monly found in the orbit and long bones, as well as in perineural 
spaces, lymph nodes, ovaries, and kidneys. 

Wright-Giemsa and chloracetate esterase stains sarcomas well as 
CD33, 34, 43, 45, 68, and I<i67 hâve ail been helpful in diagnosis 
of these difficult tumors. The Philadelphia chromosome transloca¬ 
tion t(9;22)(q34;qll) is associated with chronic myeloid leukemia. 
Immunostain for myeloperoxidase may also be positive. 


Myelofibrosis, which is often a precursor of leukemia, is dis- 
cussed in Chapter 9. 

MULTIPLE MYELOMA 

Multiple myeloma is by far the most common primary tumor of 
bone, with a prédilection for marrow-containing bones. The spine 
is almost always involved, although the primary présentation may 
be in the skull, ribs, sternum, or pelvis. Multiple myeloma usually 
affects individuals oldet than 50 years of âge but is occasionally seen 
in patients at a younger âge; men are affected almost twice as often 
as women. The usual clinical picture is one in which pain prédomi¬ 
nâtes. Anémia is common, the érythrocyte sédimentation rate is usu¬ 
ally elevated, and occasionally, especially in association with bed rest 
and concomitant osteoporosis, hypercalcemia may be présent. The 
most important diagnostic test involves the identification of a mono¬ 
clonal protein (immunoglobulin G or immunoglobulin A) by sérum 
electrophoresis (Fig. 20-17). Light-chain subunits of immunoglobu- 
lins (Bence Jones proteins) are usually found in the urine resulting in 
rénal insufficiency. In more than half of patients, pathologie fractures 
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FIGURE 20-16 Photograph of a segment of the spine from a child who 
died of leukemia. Within the vertébral bodies are géographie areas of 
necrosis identified as yellow opacification of the bone and marrow.These 
are surrounded by a thin rim of hyperemic tissue. Note that the viable bone 
marrow has a fleshy tan color, reflecting the leukemic infiltrate. 


lead to an overall loss of vertébral body height, with swelling of the 
adjacent intervertébral dises into the affected bodies and a resulting 
fish-mouth appearance (Fig. 20-18). 

On imaging studies, multiple myeloma is characterized by the 
presence of round lytic defects in the bone, with no significant scle- 
rotic reaction surrounding them (Fig. 20-19). Occasionally, however, 
lytic defects may not be apparent and the radiographie picture sug- 
gests a diffuse osteopenia. In such cases, the differential diagnosis 
from osteoporosis must be made by laboratory examination. 

Gross examination of the affected bones reveals either a diffuse 
gelatinous red infiltration of the marrow or discrète tumor nod¬ 
ules (Fig. 20-20). Microscopie examination reveals sheets of plasma 
cells, which may exhibit various degrees of différentiation; however, 
the atypicality of the cells (Fig. 20-21) has no prognostic signifi- 
cance. In multiple myeloma, the deposited proteins are related to 
the light change immunoglobulin (k or X). In approximately 10% to 
15% of patients with myeloma, amyloidosis occurs as a complication 
and amyloid deposits can be found within the bone (Fig. 20-22). 
CD 138 and plasma cell-associated antigen are typically positive. 


Numerous genetic aberrations hâve been described, but the most 
common is t(ll;14)(ql3.3 q32.3). 

Multiple myeloma is a strikingly aggressive tumor, which in the 
past led to early death. However, palliative chemotherapy and bone 
marrow transplantation hâve been effective in prolonging the sur- 
vival time. 

Very rarely, multiple myeloma produces sclerotic radiologie 
lésions, such that the correct diagnosis may not at first be considered. 
(Sclerotic lésions are typical of the rare POEMS syndrome in which 
Polyneuropathy, Organomegaly, Ehdocrinopathy, an AF-component 
spike on electrophoresis of the sérum, and Skin changes are char- 
acteristic.) Patients with this condition are generally younger than 
those with multiple myeloma and often présent with peripheral 
neuropathy. Generally, the disease affects the axial skeleton and the 
appendicular skeleton and the skull are spared. The true diagnosis in 
such cases may be delayed for a long time. 

SOLITARY (LOCALIZED) MYELOMA 
(PLASMACYTOMA) 

The occurrence of a large solitary focus of plasma cell prolifération 
associated with radiologie evidence of bone destruction can be con¬ 
sidered as a distinct entity if the foliowing criteria are met: (1) there 
are no other radiographically évident lésions; (2) a bone marrow 
biopsy from a site other than the solitary focus reveals no malignant 
cells; and (3) no significant protein or immunoglobulin abnormality 
is discernible in the sérum or on urine analyses (or, if a monoclo¬ 
nal spike is présent on sérum electrophoresis, this disappears after 
treatment of the solitary lésion). 

Patients who meet these criteria tend to be younger than those 
with multiple myeloma and hâve a better prognosis. As with multiple 
myeloma, men are more often affected. The site of involvement is 
usually a long bone or a vertébral body (or, in exceptional cases, the 
lésion is confined to soft tissue). Long bone lésions may be expansile 
and often présent with a pathologie fracture (Figs. 20-23 and 20-24). 

In the spine, solitary myelomas are likely to présent with rapidly 
developing paraplegia and gibbus deformity as a resuit of vertébral 
collapse (Fig. 20-25). (In fact, paraplegia is much more frequently 
associated with solitary myeloma than with multiple myeloma, 
probably because patients with multiple myeloma tend to die before 
paraplegia can develop.) However, paraplegia is by no means always 
présent and the patient may présent with only pain, as was the case 
illustrated in Figure 20-26. 

More than half the patients who présent with an apparently soli¬ 
tary focus of myeloma develop multiple myelomatosis and eventu- 
ally die of disease. A few cases may develop generalized disease only 
after many years. The remaining patients may be cured after radia¬ 
tion therapy or surgical en bloc resection. Microscopically, the tissue 
obtained in a case of solitary myeloma may range from well differ- 
entiated to poorly differentiated plasma cells; however, it does not 
seem that this variation affects the prognosis in these patients. 


Vascular Neoplasms 


Vascular neoplasms of bone are rare. The current classification 
scheme is controversial but includes three basic categories: benign 
(hemangioma; see Chapter 19), fully malignant (angiosarcoma), and 
tumors of inter médiate malignancy (hemangioendothelioma). The 
presence of multiple intraosseous lésions at the time of initial diag¬ 
nosis is common in both well-differentiated and poorly differentiated 
tumors. Imaging studies characteristically reveals multiple lésions 
either confined to a single long bone or to an entire lower limb. 












FIGURE 20-17 Immunoelectrophoregram of the 
sérum from a patient with myeloma. Note that there is 
an excess of gamma globulin, which is overwhelmingly 
immunoglobulin A (À). 
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FIGURE 20-18 Collapse of the fifth lumbar vertebra and replacement by a 
gelatinous, pinkish gray tissue is seen in this gross photograph of the lower 
spine removed at autopsy from a patient with multiple myeloma. 


FIGURE 20-19 Latéral tomogram of L2, with parts of L1 and L3 ; in a 55-year- 
old man with multiple myeloma, demonstrating the well-defined lytic lésion, 
devoid of significant sclerosis, which is characteristic of this disease. 
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FIGURE 20-20 A, Radiograph of the skull of an elderly patient with myeloma shows numerous lytic defects. B, Portion of the skull removed from a patient 
with multiple myeloma shows many round defects filled with pinkish gray tissue. C, Radiograph of the portion of skull shown in B demonstrates the clearly 
demarcated, lytic, punched-out lésions. 


WELL-DIFFERENTIATED ENDOTHELIAL NEOPLASMS 

Hemangioendothelioma is a rare locally aggressive tumor that 
predominantly affects the long bones in adults. Reports of pain 
or swelling are common. These tumors are osteolytic and may 
or may not be poorly demarcated on radiographs (Fig. 20-27). 



FIGURE 20-21 Photomicrograph of multiple myeloma shows closely packed 
plasma cells with some variation in shape and size, and an occasional double 
nucléus (H&E, x 40 obj.). 



FIGURE 20-22 A, Latéral radiograph of the skull in an elderly patient 
complaining of a lump. 


(Continued) 
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FIGURE 20-22—CONT'D B, A computed tomography scan shows an expanding lésion with focal mineralization, which is due to calcified amyloid. C, 
Photomicrograph of the lésion shows myeloma with foci of smooth, homogeneous pink material (amyloid) (H&E, x 4 obj.). (Courtesy of Dr. Harlan Spjut.) 


Periosteal new bone formation is unusual in hemangioendothe- 
liomas. Macroscopically, a multiloculate hémorrhagie tumor mass 
is typically found. (However in epithelioid hemangioendothelioma 
the lésions are usually solid and gray-white without the hémor¬ 
rhagie quality characteristic of hemangioma or angiosarcoma.) 
Microscopically the tumor is characterized by anastomosing cords 
of vascular channels lined with mildly atypical plump endothé¬ 
lial cells. In some cases, an inflammatory infiltrate is présent in 
which eosinophils may be prominent (Fig. 20-28). Occasionally, 
the endothélial cells hâve an epithelioid appearance, which lack 
pleomorphism or significant mitotic activity. More commonly pri- 
mary in lung, liver, and soft tissue, this tumor tends to involve bone 
in a multifocal fashion and with the production of lytic defects. 



FIGURE 20-23 Radiograph of a 40-year-old worman, who reported severe 
pain in the shoulder, shows a well-demarcated bubbly lytic lésion in the 
scapula, which, when biopsied, was found to contain only plasma cells. 


In this epithelioid tumor, it is often difficult to find vasoforma- 
tion, and solid foci of polygonal cells in a myxoid stroma may cause 
diagnostic confusion. Tumor cells hâve a moderate amount of pink 
cytoplasm and frequently possess a clear cytoplasmic vacuole rep- 
resenting an intracytoplasmic lumen (Fig. 20-29). 



FIGURE 20-24 Gross photograph of the knee obtained from a 54-year-old 
man. At the time of resection, no other evidence of myeloma was présent in 
this patient. 
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FIGURE 20-25 Latéral radiograph of a 45-year-old man who presented with 
severe thoracolumbar pain following a falLA fracture dislocation of T10 and 
Tl 2 is demonstrated, with Virtual absence of Tl 1. Biopsy of the area showed 
myeloma. No other sites of myeloma were demonstrated on radiographie 
survey.The patient received local radiation therapy and a 10-year follow-up 
showed no evidence of local or generalized disease. 


The lining cells express factor VlII-related antigen as well as 
CD31 and CD34. 

Wide resection is the treatment of choice. Although these tumors 
may recur they rarely, if ever, metastasize. 

POORLY DIFFERENTIATED ENDOTHELIAL 
NEOPLASMS 

Angiosarcoma is a fully malignant, metastasizing neoplasm that 
predilects the lower limb and affects adults of ail âges, more usually 


FIGURE 20-27 Radiograph of the elbow of a 35-year-old man with a short 
history of pain and swelling in the proximal forearm.The lucent bubbly, 
trabeculated pattern at the end of the radius is suggestive of a malignant 
vascular tumor. 


men. These tumors are characterized by rapid growth and extensive 
bone destruction, with érosion of the cortices and extension into soft 
tissues. Métastasés to the lungs and other organs are common. The 
lésion consists of irregular, anastomosing vascular channels lined 
with malignant cells that exhibit prominent intravascular budding 
and striking cellular anaplasia with frequent mitoses (Fig. 20-30). 
Solid undifferentiated areas are often présent and may suggest a 
poorly differentiated carcinoma or an anaplastic lymphoma. As with 
other sarcomas, foci of necrosis are common. Immunoperoxidase 
staining for factor VIII and other endothélial markers (CD31) may 
be helpful in some cases. 

Radical surgery is the treatment of choice. 



FIGURE 20-26 A, Latéral radiograph of a 40-year-old man with a history of back pain for 1 year, for which he had been treated with physical therapy. 
B, Magnetic résonance imaging shows the soft tissue extension of the plasmacytoma as well as the cord compression. 
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FIGURE 20-28 A, Gross photograph of the 
sternum of a patient with a vascular tumor 
diagnosed as a hemangioendothelioma. 

The tumor extensively involves the sternum 
and extends into the adjacent soft tissue. 

B, Specimen radiograph of the tumor. Note the 
lytic, destructive character of the tumor. C, On 
occasion, hemangioendotheliomas are seen, as 
here, to hâve an éosinophilie infiltrate (H&E, x 
25 obj.). (Courtesy of Dr. Hubert Sissons.) 




FIGURE 20-29 Photomicrograph of an epithelioid hemangioendothelioma 
shows epithelioid cells disposed in cords and set in a collagenous matrix. 
The tumor cells hâve conspicuous éosinophilie cytoplasm. Note the 
intracytoplasmic lumen containing red blood cell ( arrow ) (H&E, x 25 obj.). 
(Courtesy of Dr. Mark Edgar.) 


HEMANGIOPERICYTOMA 

Hemangiopericytoma is a very rare, low-grade vascular tumor that 
occasionally occurs as a primary intraosseous lésion. Patients may 
présent with localized pain. Radiographs are nonspecific and may 
reveal either lysis or focal sclerosis. Gross examination is likely to 
show a solid tumor. 

The intervascular stroma contains typical oval to spindle-shaped 
mononuclear cells believed to arise from a perivascular precur- 
sor cell (the pericyte) with the characteristics of smooth muscle. 
However, immunohistochemical and ultrastructural studies hâve 
generally not found evidence of smooth muscle or pericytic différ¬ 
entiation in these tumors, which therefore may be best classified in 
the category of fibrous neoplasms (i.e., solitary fibrous tumor). 

The key to the diagnosis of hemangiopericytoma is récognition 
that the neoplastic cells surround the vascular spaces and are not 
formed from the endothélial lining cells (Fig. 20-31). As with soli¬ 
tary fibrous tumor/hemangiopericytoma of soft tissue, immunos- 
tain for CD34 is usually positive at least focally. Because in some 
cases of mesenchymal chondrosarcoma the prédominant pattern 
may be that of a hemangiopericytoma, it is important to look for 




FIGURE 20-30 A, Radiograph of the leg of a 70-year-old man with a few months' history of mild pain.There are several well-defined lytic lésions in the upper 
diaphysis that are also involving the cortex. B, Low-power photomicrograph to demonstrate the érosion of the bone by the tumor (H&E, x 4 obj.). C, Higher 
power photomicrograph to demonstrate numerous vascular spaces lined by large pleomorphic cells, consistent with an angiosarcoma (H&E, x 25 obj.). 



FIGURE 20-31 A, Radiograph of a 30-year-old man with a 1-year history of vague pain in the left arm. A recent acute injury necessitated admission. A well- 
demarcated lytic lésion of the upper diaphysis with a pathologie fracture is apparent. B ( Section through the resected segment of the humérus shows a fleshy tumor 
extending into the soft tissue from the intramedullary space.The opaque yellow infarcted area may be related to a past fracture in this area. 


(Continued) 
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FIGURE 20-31 — CONT'D C, Photomicrograph of tissue obtained from 
the case shows crowded, uniform round cells surrounding vascular spaces 
in a pattern characteristic of hemangiopericytoma (H&E, x 25 obj.). In such 
a case, it would be important to search for islands of cartilage because in 
mesenchymal chondrosarcoma, identical areas of hemangiopericytoma may 
be found. Also, the presence of an angioblastic meningioma must be ruled out. 


evidence of cartilage formation when the diagnosis of hemangio¬ 
pericytoma is being considered. It is important to remember that 
several other tumors focally show a hemangiopericytoma-like 
growth pattern (e.g., synovial sarcoma, endométrial stromal sar¬ 
coma, melanoma). 

Surgery is the treatment of choice; the prognosis is influenced by 
features such as mitotic rate and necrosis; métastasés are more fre¬ 
quent in histologically high-grade tumors. 


Metastatic Cancer 


The most frequent malignant tumor found in the bone is metastatic, 
and it usually présents with pain. Metastatic disease is considerably 
more common than a primary bone tumor and should always be con¬ 
sidered in the differential diagnosis, even of a solitary lésion. Reflecting 
the general prevalence of neoplasia in the population, most metastatic 
bone lésions are from primary carcinoma arising in the breast, prostate, 
lung, kidney, thyroid, or colon (Figs. 20-32 to 20-34). However, on occa¬ 
sion spindle cell tumors are encountered, for example, leiomyosarcoma 
usually from the utérus (Fig. 20-35). Because rénal cell carcinoma may 
demonstrate sarcomatous différentiation, it needs to be excluded when 
one is dealing with a nonmatrix-producing sarcoma of bone. 

In young children, metastatic disease is likely to occur from Wilms’ 
tumor, neuroblastoma, retinoblastoma, and embryonal rhabdomy- 
osarcoma, and needs to be differentiated from a primary Ewings 
tumor and lymphoma. 

On imaging studies, the axial skeleton is most frequently involved 
and the lésions may appear as sclerotic or lytic, solitary, or multiple. 
Scintigraphy has greatly facilitated the identification of multiple bone 
métastasés, and today the positron émission tomography scan is play- 
ing an increasing rôle in the détection of metastatic disease. In general, 
whereas purely blastic or sclerotic lésions are seen with prostate and 
breast carcinoma, kidney and thyroid métastasés are destructive and 
frequently expansile. In the case of osteoblastic métastasés, the bone 
that is formed is reactive and is présent as fine spiculés of woven bone 
adhèrent to the residual existing bone (Fig. 20-36). It is not unusual 
for patients with an undiagnosed primary tumor (e.g., in the kidney) 
to présent initially with a solitary lytic lésion in the bone, and in such a 
case, problems of differential diagnosis may arise (Fig. 20-37). 



FIGURE 20-32 A, Photomicrograph of metastatic lobular carcinoma of the 
breast (H&E, x 10 obj.). B, Estrogen receptor marker is seen to be positive on 
the nuclei (Immunoperoxidase, x 10 obj.). 

Although in most cases bone métastasés présent centrally within 
the medullary cavity, in rare cases they may présent as cortical 
defects. This is often the case with lung carcinoma, which also may 
présent as acral métastasés (Fig. 20-38). (The preferential déposition 
of tumor cells in bone marrow may be explained by the latters rich 
vascularity and large sinusoidal channels.) 

It should be noted that because bone is a rich source of immobi- 
lized growth factors (e.g., fibroblast growth factor, platelet-derived 
growth factor), which are liberated during résorption associated 
with tumor expansion, these released factors may then stimulate 
additional tumor growth. 

The diagnosis of metastatic disease is often aided by fine-needle 
aspiration biopsy. In these circumstances, smears should be made to 
facilitate the interprétation of fine cytologie detail, and both core bone 
and blood (clôt) should be processed and examined. The blood clôt 
may exhibit evidence of cancer in many cases in which crushed tumor 
tissue precludes interprétation of the bone sample (Fig. 20-39). 

Microscopie identification of the primary site from which the 
metastasis has originated may be difficult, especially in poorly differ¬ 
entiated neoplasms. Well-differentiated tumors may show squamous 
pearls, if they are from a squamous carcinoma, and mucin-producing 
glands, if they stem from an adenocarcinoma. (It should be noted that 
whereas gastrointestinal adenocarcinomas usually produce mucin, 
those from the lung may not, and those from the kidney rarely do.) 
The clear cells of rénal cancer may create considérable diagnostic con¬ 
fusion, suggesting a clear cell chondrosarcoma, chordoma, or even 
liposarcoma. Appropriate immunologie markers are indicated for 
breast, lung, and so on. 
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FIGURE 20-33 A, Photomicrograph of metastatic adenocarcinoma, which proved on immunohistochemistry to be from the breast (H&E, x 10 obj.). B, Gross 
cystic disease fluid protein-15 (BRST-2) is seen running in between the cords of cells (immunoperoxidase, x 10 obj.). C, Estrogen receptor marker is positive on 
the nuclei (immunoperoxidase, x 25 obj.). 



FIGURE 20-34 A 38-year-old man presented with gastric bleeding and back ache with some leg weakness.The magnetic résonance imaging scan (A) shows 
dise disease at several levels and a totally abnormal marrow signal that was also présent in other bones including the pelvis. A biopsy of the iliac bone (B) shows 
bony érosion and necrosis with replacement of the marrow spaces by spindle cells and myxoid tissue (H&E, x 4 obj.). 



(Continued) 
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FIGURE 20-34—CONT'D C, A higher power view with bland spindle cells and chronic inflammatory cells (H&E, x 10 obj.). D, However, mucicarmine stain 
revealed rare vacuolated cells containing mucicarmine-positive material and compatible with primary gastric carcinoma (x 25 obj.). 



FIGURE 20-35 A 68-year-old woman presented with pain and swelling of the ankle following trauma. An anteroposterior view of the ankle (A) shows mottled lucency 
and sclerosis and a biopsy (B) showed a spindle cell tumor consistent with leiomyosarcoma (H&E, x 25 obj.). C, When stained for smooth muscle actin, it was found to 
be positive. A prior history revealed that 30 years before, uterine fibroids had been removed (immunoperoxidase, x 10 obj.). (Courtesy of Dr. Howard Dorfman.) 
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FIGURE 20-36 A, Scanning électron micrograph of a portion of bone obtained from métastasés from an osteoblastic prostatic carcinoma.The fine trabeculae of bone 
produced in response to the tumor are apparent (x 10 magnification). B, Photomicrograph of the same specimen shows the woven character of the new bone, which is 
firmly adhèrent to the surface of the lamellar bone of the vertébral body.The spaces in between are filled with fibrous tissue and malignant cells (H&E, x 10 obj.). 



of a 70-year-old man who was in otherwise good health. A primary bone 

tumor could not be excluded radiographically. The differential would include FIGURE 20-38 Radiograph of the middle phalanx of a 60-year-old man who 

malignant fibrous histiocytoma, solitary myeloma, and chondrosarcoma. reported pain. Biopsy revealed metastatic carcinoma, which proved to be 

Further investigation revealed a primary carcinoma in the kidney. primary in the lung. 
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FIGURE 20-39 A, Photomicrograph of a needle biopsy taken from a vertébral body with a sclerotic lésion suspected of arising from metastatic cancer. There 
is obviously active new bone formation as well as fibrous scarring, and a clump of atypical cells is strongly suggestive of tumor. Definitive diagnosis may be 
difficult on this type of tissue (H&E, x 40 obj.). B, Within the aspirated clôt, there is clear evidence of adenocarcinoma. Often, in needle biopsies of bone, severe 
crushing artifacts preclude interprétation of the tissue sample. For this reason, the aspirated blood clôt should always be submitted for examination, and will 
frequently give positive results when the bone tissue sample is négative or equivocal (H&E, x 40 obj.). 




SECTION VI 

Soft Tissue Tumors 




Baron Guillaume Dupuytren (October 5,1777, near Limoges-February 8,1835, Paris). 

In 1794, at the âge of 18, Dupuytren obtained a post as prosector of the École de Santé, 
Paris, where he gave anatomy lectures, and was placed in charge of ail the autopsies at the 
medical school. When he was 24, in 1801, he was appointed Chef des travaux anatomiques 
and soon had written a monograph on pathological anatomy based on his autopsy findings. 
At the âge of 25, he was appointed Chirurgien en second at the Hôtel-Dieu. It was in 1831— 
some fouryears before his death—that Dupuytren operated on the contracture that bears 
his name, after having waited for several years for a suitable subject; the patient was a wine 
merchant. After eight weeks, the finger had “normal" movements. Of his large fortune he 
left 200,000 francs to the medical faculty for the establishment of a chair of pathological 
anatomy. The money was used to found a pathological-anatomical muséum instead—the 
Musée Dupuytren, which still exists in l'Hôpital Cochin, Paris. (From Guillaume Dupuytren. 
Wikipedia. Available http://en.wikipedia.org/wiki/Guillaume_Dupuytren.) 


Benign 
Soft Tissue 
Tumors 



Arthur Purdy Stout (November 30, 1885, New York City-December 21, 1967, 
New York City). Stout was educated at Yale University where he received his AB in 
1907. After a year spent traveling in Asia, he entered the College of Physicians and 
Surgeons of Columbia University and received his MD in 1912. He was one of the 
most prominent pathologists of his era, with a spécial expertise in tumor pathology. 
During his tenure as director (1928-1951), the Laboratory of Surgical Pathology at the 
Columbia-Presbyterian Medical Center gained an international réputation and trained 
many future leaders in the field. Stout was the author of over 300 scientific articles and 
he also wrote four fascicles of the Armed Forces Institute of Pathology's Atlas of Tumor 
Pathology. He belonged to 16 professional societies and was the récipient of numerous 
awards. In 1947, an organization of surgical pathologists was named the Arthur Purdy 
Stout Club in his honor. The name was changed in 1956 to the Arthur Purdy Stout 
Society of Surgical Pathologists. (Courtesy of the Arthur Purdy Stout Society.) 
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Benign Synovial Lésions 


SYNOVIAL HEMANGIOMA 

A synovial hemangioma is a solitary benign lésion, most commonly 
seen in the knee joints of children and adolescents. These patients 
may présent clinically with a swollen knee associated with mild pain 
or limitation of movement; occasionally, there is a history of récur¬ 
rent épisodes of pain and joint swelling of several years’ duration. 

A soft tissue mass may be évident on imaging studies, although 
magnetic résonance imaging (MRI) may be necessary to show it 
clearly. In severe cases, a periosteal reaction or lucent zones in the 
adjacent bones may also be présent. 

Gross examination of the resected synovial tissue reveals a soft, 
doughy mass with overlying villous hyperplastic synovium, which 
is frequently stained mahogany brown as a resuit of repeated 
bleeds. When the mass is viewed microscopically, arborizing vas- 
cular channels of different sizes are seen (Fig. 21-1), and in chronic 
cases with repeated hemarthrosis, copious iron déposition can be 
observed. 

Complété surgical excision may be difficult to effect, and this fact 
probably accounts for the occasionally reported cases of récurrence. 

In Figure 21-2, a capillary hemangioma resected from a tendon 
sheath of a patient clinically diagnosed as de Quervains disease is 
illustrated. 


HOFFA'S DISEASE (LIPOMA ARBORESCENS, 

VILLOUS LIPOMATOUS PROLIFERATION OF 
THE SYNOVIUM) 

Hoffas disease is a post-traumatic reactive condition of the syn¬ 
ovium, clinically most often seen in the knee and characterized by 
enlargement of the infrapatellar fat pad on either side of the patellar 
tendon. Rarely, the condition may occur in any joint. The patient 
usually reports pain or deep aching in the anterior compartment 
of the knee, which is aggravated by physical activity. A récurrent 
effusion may be the conséquence of repeated synovial injury. The 
treatment of Hoffas disease is surgical réduction in the volume of 
extrasynovial fat. 

When the lésion is examined macroscopically, the synovium 
has a marked papillary, yellow, fatty appearance; microscopically, 
there is mild hyperplasia of the synovial lining cells with abundant 
unremarkable fat extending to the synovial lining. Occasionally, a 
mild to moderate chronic inflammatory infiltrate may be présent 
(Fig. 21-3). 

PRIMARY SYNOVIAL CHONDROMATOSIS 
(PRIMARY SYNOVIAL CHONDROMETAPLASIA) 

Primary synovial chondromatosis is a rare condition characterized by 
the prolifération of islands of irregularly hypercellular cartilage in the 



FIGURE 21-1 A, Anteroposterior and latéral radiograph of the right knee of a 2-year-old girl who had been irritable for about 1 year, which her mother attributed 
to a swelling of the knee. On physical examination, a non-tender mass was felt on the médial aspect of the knee. B, Gross specimen removed from the knee. 
Marked hemosiderin staining of the tissues has occurred, but the synovium does not show either the villous appearance seen in association with hemophilia or the 
papillary appearance usually seen in patients with pigmented villonodular synovitis. C ( Photomicrograph of part of the synovial tissue demonstrates the vascular 
malformation in this patient's synovium. At the synovial surface, copious hemosiderin deposits and hyperplastic reactive tissue were évident (FI&E, x 4 obj.). 
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FIGURE 21-2 A, Photomicrograph of a 3-mrm 
nodule removed from the flexor tendon sheath 
of a ring finger. At this magnification the 
lésion appears to consist of vascular channels 
surrounded by cellular tissue, suggesting a 
glomus tumor (H&E, x 1 obj.). B, Its vascular 
nature confirmed by CD34 staining (x 1 obj.). 
C, Higher power photomicrograph shows the 
closely packed capillaries (H&E, x 10 obj.), D, 
confirmed by CD34 (x 10 obj.). 



FIGURE 21-3 A, Gross photograph of the synovium resected from a patient with fullness of the knee joint. Note the fatty appearance of the tissue and the 
papillomatous folds arising on the surface. B, Photomicrograph of a section through the synovium, showing fatty infiltration of the subsynovial tissue in Hoffa's 
disease (H&E, x 1 obj.). C, Higher power view (H&E, x 4 obj.). 


synovium of a major joint, often the knee, or, occasionally, in a tendon 
sheath. Primary synovial chondromatosis needs to be distinguished 
from the much more commonly observed occurrence of articular car¬ 
tilage fragments in the synovial tissues of patients following traumatic 
injury or associated with osteoarthritis (see Chapter 10). The finding 


of clonal karyotypic abnormalities in synovial chondromatosis casts 
doubt on the view that this is a reactive process. 

Patients with primary synovial chondromatosis hâve been observed 
in their second through seventh décades of life, and men appear to 
be affected about twice as frequently as women. The patients usually 
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report the graduai onset of pain, stiffness or an enlarging mass around 
the affected joint. Limitation of motion is a characteristic finding on 
clinical examination. The knee is most commonly affected, and most 
other cases présent in the hip or elbow. The majority of the remain- 
ing cases occur in the tendon sheaths of the hands or feet. 

The radiologie signs of this disorder include multiple loose bodies 
of variable size, many of which show varying degrees of calcification 
and occasional ossification (Fig. 21-4). However, in a minority of cases, 
there is no calcification, and in such cases, contrast arthrography or 
MRI may be necessary to demonstrate the lésions (Fig. 21-5). In some 
cases of synovial chondromatosis affecting the hip joint, érosion of the 
bone of the neck of the fémur has been observed (Fig. 21-6). 

At surgery, there are usually multiple cartilaginous loose bodies, 
both free in the joint and attached to the synovium (Fig. 21-7). The 
larger cartilage loose bodies often hâve a multinodular surface, giv- 
ing them a mulberry-like appearance. 

Microscopie examination reveals discrète nodules of lobulated 
cartilaginous tissue in the synovium, characterized by cellular 
crowding with cytologie atypia; many binucleate cells may be prés¬ 
ent and myxoid areas such that, if seen in an intramedullary lésion, 
would be considered as chondrosarcoma (Fig. 21-8). This disor- 
dered appearance differentiates primary synovial chondromatosis 
from the much more common secondary cartilaginous loose bodies, 
which occur in association with osteoarthritis, traumatic arthritis, 
and osteochondritis dissecans (see discussion in Chapters 10 and 11). 

The condition frequently recurs following surgery because of the 
difficulty of achieving complété excision. Rare cases of malignant 
degeneration in synovial chondromatosis hâve been described. 



FIGURE 21-4 Latéral radiograph of the knee joint of a middle-aged man 
complaining of vague knee pain and swelling. Multiple small opacifications 
both in and around the joint are particularly prominent in the popliteal space. 
On biopsy, this proved to be due to primary synovial chondromatosis. 



FIGURE 21-5 A, Radiograph of a 65-year-old man who presented with 
an intermittent 20-year history of mild pain in the right hip shows no 
obvious lésion in the joint. B, Arthrogram demonstrates many small, 
round filling defects in the hypertrophie synovium, consistent with 
synovial chondromatosis. The individual nodules of cartilage were 
neither calcified nor ossified, and therefore failed to show up on plain 
radiographs. (Courtesy of Dr. Alex Norman.) 



Nodular 

filling 

defects 
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FIGURE 21-6 A, Radiograph of a young man with synovial chondromatosis, which first presented as a calcified lésion in the right obturator foramen. Note that there is 
distinct érosion of the médial neck of the right fémur as compared with the left. B, Sagittal section through a knee with massive synovial chondromatosis in the popliteal 
fossa that is eroding the bone. C, Photomicrograph demonstrating bony érosion at the joint margin by synovial chondromatosis (H&E, x 1 obj.). (B From Bullough PG: 
Osteoarticular System. In Turk JL, Fletcher CDM: Royal College of Surgeons of England Slide Atlas of Pathology. Gower Medical Publishing Ltd., London, 1986.) 



FIGURE 21-7 A, Gross photograph of multiple loose bodies removed from a patient with synovial chondromatosis. Note the mulberry-like surfaces of the 
loose bodies. B, Radiograph of the tissue demonstrates that only some of the loose bodies contain calcium. 


PIGMENTED VILLONODULAR SYNOVITIS 
(GIANT CELL TUMOR OF TENDON SHEATH; 

BENIGN SYNOVIAL HISTIOCYTOMA) 

Pigmented villonodular synovitis (PVNS) is a locally aggressive syn¬ 
ovial tumor that affects both large joints and tendon sheaths, and 
that is much more frequently found as a solitary nodule and more 
rarely as a diffuse multinodular lésion. The most common sites 


involved are the knees and fingers, but this tumor sometimes occurs 
in the hip, ankle, foot, or wrist. The lésion is usually painless or only 
mildly painful; the pain appears to be more severe when the lésion 
is diffuse throughout a major joint. In general, the condition is con- 
fined to a single joint or tendon sheath. 

The solitary lésions usually présent clinically in the small joints 
or tendon sheaths of the hands or feet, whereas the multinodular 
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FIGURE 21-8 A, Photomicrograph of the synovium removed from a patient with primary synovial chondromatosis shows irregular nodules of hypercellular 
cartilage within the synovium (H&E, x 10 obj.). B, Higher power view of primary synovial chondromatosis lésion shows atypical cells that are crowded and 
clumped.This histologie picture helps to distinguish primary synovial chondromatosis from the secondary chondromatosis that is frequently seen in association 
with osteoarthritis and trauma (compare this with Figure 10-36) (H&E, x 25 obj.). 


diffuse form présents clinically in the large joints. (Solitary nodules 
in large joints, although not uncommon, do not usually resuit in 
clinical symptoms, and are discovered incidentally at surgery.) 

The radiologie signs of PVNS dépend on the site of occurrence. In 
the finger or toe, only soft tissue swelling may be évident, although 


cortical bone érosion may occur as seen in Figure 21-9. In the knee, 
the only consistent radiographie change is soft tissue swelling in and 
around the joint, which may be massive. In the hip, joint narrowing 
and lytic defects in the bone may be présent on both sides of the joint 
(Fig. 21-10). Local juxta-articular bone érosion may also be quite 



FIGURE 21-9 A, Radiograph of the foot in a middle-aged male with a swelling of the second toe shows, in addition to a soft-tissue mass, several intraosseous lytic 
areas in the middle phalanx. B, Latéral view of the amputated second toe shows a tan tumor enveloping the bone. C, Gross photograph of a section through the 
specimen. A soft-tissue tumor can be seen extending around and involving the distal interphalangeal joint. The lésion is also invading the medullary cavity of the 
phalanx. Focally, the tumor has a tan color. D, Photomicrograph of a sagittal section through the toe proved to be PVNS. Tumor tissue is seen both in the soft tissue 
and invading the bone and joint space. The pinker areas within the tumor tissue represent areas of collagenization (phloxine and tartrazine, x 1 obj.). 
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FIGURE 21-10 A, Radiograph of a young woman with a history of rapid détérioration of function in the left hip shows destructive changes on both sides of the 
joint, with marked narrowing of the joint space. Because of these radiographie findings, a diagnosis of tuberculosis was considered; however, at surgery abundant 
hemosiderotic synovium containing nodular fleshy areas was found. B, Gross section of the fémoral head, C, reveals dissection of the articular cartilage, with 
prolifération of soft tissue between the bone and cartilage. D, Specimen radiograph. E, Histologie section of this tissue reveals proliferating mononuclear cells 
and giant cells in the subchondral bone. A diagnosis of PVNS was confirmed (H&E, x 10 obj.). 
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prominent in joints such as the wrist, knee, and ankle (Fig. 21-11). 
MRI and computed tomography are useful to document the extent 
of the lésion (Fig. 21-12), and on T^-weighted MRI, the iron deposits 
may show up as punctate signal voids within the lésion. 

On gross examination, the firm whitish lésions tend to hâve a 
tan color, which is often more prominent at the periphery, and their 
texture may vary in firmness depending on how much fibrous tis- 
sue they contain. In the tendon sheath of a finger, the lésion is usu- 
ally solitary and well circumscribed. When the tumor occurs in the 
knee joint, it is most commonly solitary and it is an incidental find- 
ing (Fig. 21-13). In obvious clinical cases of PVNS in a large joint, the 
lésion commonly consists of multiple nodules, often with dramatic 


associated hyperplastic villous changes and extensive hemosiderin 
déposition in the adjacent unaffected synovium (Fig. 21-14). 

On microscopie examination, the lesional tissue is localized 
below the lining cells of the synovial membrane (Fig. 21-15). It is 
composed of proliferating, collagen-producing polyhedral fibro- 
histiocytic cells, often with scattered, multinucleated giant cells 
(Fig. 21-16). Iron deposits and aggregates of foam cells may be prés¬ 
ent, but these are usually seen in the periphery of the lésion and 
are most consistent with secondary changes following hemorrhage 
into the lésion. Abundant production of collagen may be évident 
in patients with long-standing disease (Fig. 21-17). Occasionally, 
the cellularity of the lésion, especially when associated with a 



FIGURE 21-11 A, Radiograph of the wrist of a 30-year-old male who presented with swelling and pain in the joint. The lytic defect in the lower radius was due 
to érosion of the bone by PVNS. B, Latéral radiograph of a knee showing marginal érosions on both sides of the joint in this patient with PVNS. 



FIGURE 21-12 A, Cross sectional CT of the right hand of a patient complaining of a slowly growing mass in the palm. B ( Photograph of the removed 
transected nodule. The nodule was 5 cm across, firm, and on eut section, formed mostly of white tissue with focal areas of yellow tissue, which corresponded to 
xanthomatous areas microscopically. Pigmentation seemed to be confined to the periphery of the lésion. Pigmentation is often found in lésions of PVNS and 
probably occurs as a resuit of secondary hemorrhage into the lésion following trauma. 
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FIGURE 21-13 A, Photograph of synovium obtained at total knee replacement from a patient with osteoarthritis. An incidental finding was the grayish white 
nodule seen in the upper central part of the image. B, Photomicrograph of the nodule seen in A, proved to be a solitary nodule of PVNS (H&E, x 1 obj.). 



FIGURE 21-14 A, Gross photograph of synovium resected from the knee of a patient with PVNS. Note the reddish-brown staining due to hemosiderin 
déposition, as well as the plump papillary projections that resuit from cell prolifération. This appearance often causes diagnostic confusion with hemosiderotic 
synovitis.The extent of the lésion is appreciated from the attached menisci. B, A close up of the synovial surface to show the irregular nodularity. 


trabecular pattern of the intercellular matrix, may give a pseu- 
dosarcomatous appearance (Fig. 21-18). The lésion is usually non- 
inflammatory or contains only a sparse scattering of lymphocytes 
and plasma cells. 

At surgery, the differential diagnosis of PVNS includes hemo¬ 
siderotic synovitis, which is seen in patients with chronic intra- 
articular bleeding (e.g., in hemophilia and foreign body giant cell 
reaction foliowing total joint replacement [see Chapters 12 and 14]). 
Although hemosiderotic synovitis contains a significant amount of 
pigment, it lacks the distinct submembranous mononuclear and 
giant cell nodular cell prolifération that characterizes PVNS (Fig. 21-19). 


In some cases of rheumatoid arthritis, extensive hemorrhage may 
lead to hemosiderin déposition and grossly suggest PVNS at surgery 
(Fig. 21-20). The treatment of PVNS is excision; however, because 
complété surgical removal is often difficult in diffuse cases, clinical 
récurrence is fairly frequent. 

Genetic studies hâve shown that tenosynovial PVNS consist of 
a minority (<20%) of neoplastic cells that harbor rearrangements of 
the CSF1 gene on chromosome lp. The majority of cells are non- 
neoplastic histiocytes that are thought to be recruited to the tumor 
by cytokines produced by the neoplastic clone. Very rare cases of 
malignant transformation hâve been reported. 
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FIGURE 21-15 Photomicrograph illustrâtes a subsynovial focus of PVNS 
with adjacent uninvolved proliférative synovium (H&E, x 4 obj.). 


PLEOMORPHIC HYALINIZING ANGIECTATIC 
TUMOR—HEMOSIDEROTIC FIBROHISTIOCYTIC 
LIPOMATOUS LESION 

Under these two désignations are a group of rare tumors seen in 
adults (mean âge around 50 years). They occur in women more 
than men, most commonly seen in the subcutaneous tissues of 


the foot and ankle, less commonly in the leg, thigh, and rarely 
elsewhere. 

The lésion consists of proliferating spindle cells and histio¬ 
cytes with varying degrees of pleomorphism but with absent 
or very low mitotic activity, which is infiltrating adipose tis- 
sue; nevertheless, the lésion may be mistaken for a sarcoma. An 
inflammatory infiltrate and myxoid areas may be noted as well as 
hyalinized vessels. A striking feature of the lésion is heavy depos- 
its of hemosiderin, which may lead to the mistaken diagnosis of 
PVNS. Although the lésions hâve been reported to recur follow- 
ing excision, no cases of metastatic disease hâve been reported 
(Fig. 21-21). 


Benign Fibrous Lésions 


Fibrous tumors and tumor-like lésions are common in the soft tis¬ 
sues and tend to be complicated. Some, such as desmoid tumor, look 
at first sight to be histologically perfectly bland yet are infiltrative 
lésions that are poorly circumscribed and, therefore, tend to recur 
repeatedly following excision and may ultimately be léthal depend- 
ing upon their location. 

Others, such as nodular fasciitis, proliférative fasciitis, and pro¬ 
liférative myositis, grow rapidly, are cellular, disorganized, and hâve 
a high mitotic rate; they look like sarcomas and yet are self limiting 
and readily cured by excision. 




FIGURE 21-16 A, Low-power photomicrograph of a typical area of pigmented villonodular synovitis demonstrates the nodular accumulation of mononuclear 
cells with interspersed giant cells, which frequently hâve peripherally arranged giant cells (H&E, x 4 obj.). B, Higher power shows the typical large stromal 
histiocytes and giant cells (H&E, x 25 obj.). C, Accumulation of xanthoma cells may on occasion be extensive (H&E, x 10 obj.). 
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FIGURE 21-17 Photomicrograph to demonstrate collagen production having 
a pseudo-osseous appearance in PVNS (H&E, x 25 obj.). 


FIBROMA OF TENDON SHEATH 

Fibroma of tendon sheath is a distinct entity most commonly seen 
in the hands and feet. It usually présents as a small, slowly grow- 
ing mass, which may hâve been présent for many years. Men are 


more commonly affected and most are adults between the âges of 
20 and 50. 

Grossly the lésions generally measure less than 2 cm in diam- 
eter and hâve a very circumscribed lobular appearance, which on 
eut section are firm and gray-white (Fig. 21-22). Microscopically, 
they are made up of collagen-producing fibroblastic cells with char- 
acteristic elongated vascular cleft-like spaces throughout the lésion. 
Myxoid areas are common. Occasionally, cellular areas with mild 
atypia are présent, and in these areas, there may be a storiform pat¬ 
tern (Fig. 21-23). 

FIBROMATOSIS 

Under the generic term of the fibromatoses are grouped a number 
of conditions that are characterized by fibroblastic tissue, which, 
by its cellularity and capacity to infiltrate surrounding tissue, 
mimic a low-grade fibrosarcoma. However, these lésions do not 
metastasize. They may arise in many parts of the body, are clas- 
sified according to their relationship to fascia (as deep or super- 
ficial), and are known by a variety of names (e.g., desmoid tumor, 
Peyronies disease). Of particular interest to the orthopaedic sur¬ 
geon are palmar fibromatosis (Dupuytrens contracture), which is 
very common, and its plantar équivalent, which is decidedly less 
common. 



FIGURE 21-18 A, Photomicrograph of PVNS in which the collagen is seen in a trabeculated pattern with loose pseudoalveolar spaces between. This pattern, 
together with the heterogeneity of the cells, gives a pseudosarcomatous appearance to the tissue (H&E, x 4 obj.). B, A higher power view to demonstrate the 
pseudosarcomatous appearance that may be seen in some cases of PVNS (H&E, x 10 obj.). C, Higher power view (H&E, x 25 obj.). 
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FIGURE 21-19 A, Photomicrograph of a case of hemosiderotic synovitis.The extensive hemosiderin both in the synovial lining and in the subsynovial tissue 
is much greater than would be seen in almost any case of PVNS (H&E, x 4 obj.). B, Another field with similar findings (H&E, x 4 obj.). C, The presence of 
inflammatory cells and some hemosiderin ladened macrophage may resuit in confusion with PVNS (H&E, x 10 obj.). 



FIGURE 21-20 A, Photomicrograph of synovial tissue obtained from a case of RA.There is cellular prolifération and considérable hemosiderin déposition in the 
deep parts of the synovium (H&E, x 4 obj.). B, Higher power shows the hemosiderin as well as fibrous scarring.A chronic inflammatory infiltrate of lymphocytes 
and plasma cells is présent. Nevertheless, a superficial resemblance to PVNS caused diagnostic problems in this case (H&E, x 10 obj.). 


Extra-abdominal Fibromatosis (Aggressive 
Fibromatosis; Desmoid Tumor) 

This is a relatively common tumor seen in young to middle-aged 
adults. The tumor arises in the connective tissues of the muscles 
and aponeurosis, most commonly of the shoulder, pelvic girdle, and 


thigh. Because of its deceptively harmless microscopie appearance, 
it is unfortunately often mismanaged clinically. 

The patient usually présents with a deep-seated, fixed, firm mass 
that has been évident to the patient for a few weeks or months at the 
time of présentation. Depending on location, it may be painful. 
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FIGURE 21-21 A, Latéral radiograph of foot shows a soft-tissue mass on the dorsal surface overlying the metatarsals. B, Low-power photomicrograph shows 
admixed fat, proliferating small spindle cells and sclerotic vessels (H&E, x 4 obj.). C, Higher power view shows spindle cells with admixed chronic inflammatory 
cells and hemosiderin pigment (H&E, x 10 obj.). D, At higher power, a few pleomorphic cells are évident (H&E, x 25 obj.). Hemosiderotic fibrohistiocytic 
lipomatous lésion has been confused with PVNS in the past. (Courtesy of Dr. Leonard Kahn.) 



FIGURE 21-22 A, This fairly well-defined, lobulated nodule measuring 2.8 cm was removed from the index finger of a 41-year-old male. B, The eut surface 
reveals a firm, fi brous mass. 









FIGURE 21-23 A, A photomicrograph taken to include the surface of the lésion shows a somewhat disorganized fibrous lésion with patchy areas of hyalinized 
collagen and compressed vascular channels which are highlighted in (B). ([A] H&E, x 4 obj. [B] CD31, x 10 obj.). C, Collagenous bundles can be seen coursing through 
the lésion and there are focal myxoid areas (D). ([C] and [D], H&E, x 10 obj.). E, Foci of atypical cells may be présent (H&E, x 25 obj.). F, Staining for macrophages 
(CD68) shows focally positivity (immunoperoxidase, x 25 obj.). G, Staining for smooth-muscle actin also shows focal positivity (immunoperoxidase, x 25 obj.). 
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Characteristically, these tumors are grossly poorly circumscribed 
and infiltrate the surrounding tissue. Cut sections vary from pink to 
gray-white and from firm to rock hard in consistency. It cannot be 
sufficiently emphasized that a wide surgical excision is necessary for 
successful management. 

Microscopically the lésion is composed of uniform, elongated 
spindle cells separated by abundant collagen. Atypia is not a fea- 
ture of the lésion. These lésions are not encapsulated and at their 
periphery are found to be invasive into the surrounding muscle and 
fat. Lesional cells may be myofibroblastic, and the lésion may focally 
label for smooth muscle actin and desmin (Fig. 21-24). 

Because of inadéquate marginal excisions, the rate of regrowth is 
very high and at subséquent reoperation, it may be difficult both for 
the surgeon and the pathologist to distinguish récurrent tumor from 
scar tissue (Fig. 21-25). 

Desmoid tumors frequently complicate familial adenomatous 
polyposis and Gardners syndrome, and in that setting, the tumors 


typically demonstrate abnormalities of the FAP gene. In contrast, 
sporadic desmoids typically show extra copies of chromosomes 8 or 
20 and hâve a high frequency of mutations in the beta-catenin gene. 
Although immunopositivity for beta-catenin has been suggested as 
a diagnostic marker for desmoid, it is not spécifie and frequently 
labels other fibrous tumors. 

Dupuytren's Contracture (Palmar Fibromatosis) 

Palmar fibromatosis usually occurs in older adults and has an inci¬ 
dence of 10% to 20% in the general population. It is three to four 
times more common in men than in women and is frequently 
bilateral. It may be familial. In some instances, it is associated with 
diabètes mellitus as well as epilepsy and alcoholic cirrhosis of the 
liver. 

Patients présent with nodular thickening of the palmar fascia 
(Fig. 21-26) and flexion contracture of the fingers (usually the third, 
fourth, and fifth). 



FIGURE 21-24 A, An MR image of the right forearm of an 18-year-old male with a recent history of a mass in the forearm. B, A cross-section of the amputated 
forearm showing the relationship of the mass to the radius and ulna. C, A low-power photomicrograph shows the tumor firmly attached to the adjacent bones 
(H&E, x 1 obj.). 


(Continued) 
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FIGURE 21-24—CONT'D D, A low-power photomicrograph to show the typical appearance of an extra-abdominal desmoid tumor. Interdigitating bundles 
of fibroblasts with abundant intercellular collagen matrix (H&E, x 4 obj.). E, A higher power photomicrograph to show the bland appearance of the fibroblasts 
(H&E, x 25 obj.). F and G, Photomicrograph to show collagen bundles of the interosseous membrane entering the cortex with tumor invading the membrane 
([F] H&E, x 4 obj; [G] same, polarized). 



FIGURE 21-25 A, Radiograph of a 13-year-old girl with a history of two excisions of a desmoid tumor involving the plantar tissue, who was admitted to 
the hospital because of récurrence with bone involvement. Both soft-tissue swelling and invasion of the second metatarsal bone can be appreciated. B, This 
amputated specimen with plantar skin removed clearly shows the extent of the tumor. 
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FIGURE 21-25 — CONT'D C, Cross-section of the foot demonstrates the extent of tumor infiltration and involvement of the second metatarsal bone. 
D, Photomicrograph of the tumor demonstrates the bland appearance of the deep fibromatous tissue (H&E, x 10 obj.). 



FIGURE 21-26 Cross-section of thickened palmar fascia removed from a 
patient with Dupuytren's contracture.The aponeurotic tissue has a glistening 
appearance, and within this tissue can be seen nodular areas having a somewhat 
more opaque, pale orange appearance. These areas represent foci of proliferating 
fibromatosis. In longstanding Dupuytren's contracture, the entire aponeurosis 
may be scarred, and the proliferating nodules are no longer évident. 



FIGURE 21-27 A, Photomicrograph (partially polarized) to show, below, part 
of the palmar fascia (refractile) with, above, an adjacent nodule of cellular 
fibrous tissue in a case of Dupuytren's contracture (H&E, x 4 obj.). B, Higher 
power view to show the packed, cellular, interdigitating fibrous bundles in 
early Dupuytren's contracture (H&E, x 10 obj.). 

On histologie examination, the lésions vary in cellularity; some 
are very cellular and others are heavily collagenized (Figs. 21-27 and 
21-28). The cellular lésions are in ail probability the more recent, 
whereas the collagenized lésions hâve been présent for a longer 
period of time. The cellular lésions are made up of plump, crowded 
fibroblasts with a variable number of mitoses and this may sug- 
gest to the microscopist a fibrosarcoma. However, this diagnosis 
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FIGURE 21-28 Photomicrograph of a section through a nodule from a case of 
longstanding Dupuytren's contracture shows heavily collagenized stroma without 
the obvious cellular prolifération characteristic of early lésions (H&E, x 25 obj.). 

is extremely unlikely in the setting of a typical clinical présentation 
of Dupuytrens contracture. Foci of mild chronic inflammation and 
hemosiderin déposition may be présent. 

Cytogenetic abnormalities, including trisomy of chromosomes 
7 and 8 and loss of the Y chromosome, hâve been reported. 

Plantar Fibromatosis 

Plantar fibromatosis is rare in comparison with Dupuytrens 
contracture. Like palmar fibromatosis, the incidence of plantar 


fibromatosis increases with âge; however, unlike Dupuytrens con¬ 
tracture, it also occurs in children, and young and adult patients. 
It may be présent with larger nodules than is usually the case in 
patients with palmar fibromatosis and generally is not associated 
with the formation of significant contractures. 

Surgical excision is the treatment of choice; however, because of 
the infiltrative nature of the lésion local récurrence is common. 

The microscopie features are similar to those seen in palmar fibroma¬ 
tosis. Because the lésions in the foot tend to be operated on earlier than 
those in the hand, they appear relatively more cellular; this and the rarity 
of the condition means that problems in differential diagnosis are more 
likely to occur in the foot lésions than with Dupuytrens contracture. 

Calcifying Aponeurotic Fibroma (Juvénile Aponeurotic 
Fibromatosis, Keasbey Tumor) 

Calcifying aponeurotic fibroma usually présents as a slowly growing, 
painless mass commonly in the hands or, less frequently, in the feet of 
children or young adults. Occasionally, adults may be affected. The 
mass has usually been présent for several months or even years at the 
time of présentation. Radiographically, calcifie stippling may be appar¬ 
ent. Grossly, the lésion is usually an ill-defined, firm, white-gray nodu- 
lar mass smaller than 3 cm in diameter. Because of calcification, it may 
hâve a gritty consistency when sectioned. Microscopie examination 
shows foci of plump cellular fibroblasts separated by more densely 
collagenized tissue. Mitotic Figures are rare. Foci of calcification are 
generally présent within the lésion and are usually associated with 
areas of cartilaginous metaplasia (Fig. 21-29). However, in very young 
children, calcification may not be évident, making the différentiation 



FIGURE 21-29 A, A 4-year-old boy presented with a mass in the sole of the foot. A radiograph shows a focus of irregular calcification in the subeutaneous 
tissue below the base of the metatarsals. B, The location is better demonstrated in an MR image. C, Photograph of the resected specimen. Note the white flecks 
of calcification. 
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FIGURE 21-29—CONT'D D, Fine-grain radiograph of the resected specimen shows fine stippled calcification throughout the specimen (magnification, x 
10). E, Low-power photomicrograph to show calcification in a cellular fibrovascular stroma (H&E, x 4 obj.). F, Low-power photomicrograph shows that the 
lésion is composed of fibrocartilaginous tissue with irregular areas of calcification (H&E, x 4 obj.). G, Higher power demonstrates the irregularly arranged 
fibrocartilaginous cells together with stippled calcification (H&E, x 25 obj.). 

from infantile fibromatosis difficult. In such cases, the location in the 
fingers or the palm of the hand should suggest the diagnosis. 

NODULAR FASCIITIS 

Nodular fasciitis is a relatively common pseudosarcomatous proliféra¬ 
tion of myofibroblasts, which, because of its rapid growth, atypia, cel- 
lularity, and mitotic rate, can be mistaken for a malignant condition. 

It occurs most frequently in patients between the âges 10 and 40, 
and is seen most often in subcutaneous tissue on the volar surface 
of the forearm. Less commonly, it may occur in the head and neck 
région, the trunk, and on the lower extremity. 

In most cases, when the patient is first seen, the lésion has been 
présent for 1 or 2 weeks, and it is usually smaller than 2 cm in diam- 
eter and well circumscribed. 

Microscopically the lesional tissue is composed of plump imma¬ 
ture fibroblasts, having pale nuclei and prominent nucleoli, which 
in general do not vary from each other. Although mitoses may be 
frequent, there are no atypical mitoses. The fibroblasts are gener- 
ally arranged in short irregular interlacing bundles and in addition 
to a scant collagen matrix, there is generally a focally mucoid matrix. 

Scattered through the lésion, there are often focal mild inflammatory 
infiltrâtes and extravasated red blood cells (Fig. 21-30). Generally, an 
attachment to the fascia can be found. 

Proliférative fasciitis and proliférative myositis are related condi¬ 
tions that tend to occur in an older population than in those with nod¬ 


ular fasciitis, as well as in somewhat different locations; most cases of 
proliférative fasciitis and proliférative myositis occur in the extrem- 
ities, whereas most cases of nodular fasciitis occur on the trunk, 
especially around the chest and shoulder. The histologie features are 
similar to those seen in nodular fasciitis. It would appear that prolif¬ 
érative fasciitis and myositis are reactive conditions and self-limiting. 

Détection of clonal karyotypic abnormalities in nodular fasciitis 
suggest that this self-limited myofibroblastic prolifération has features 
of a neoplasm. Furthermore, récurrences are sometimes seen when 
the lésion is incompletely excised during the active growth phase. 

MYOFIBROMA AND MYOFIBROMATOSIS 
(INFANTILE MYOFIBROMATOSIS) 

These lésions, which most commonly affect the dermis, may be seen 
not only in infants but also in children and adults. Although most 
commonly seen in soft tissue, they may also présent in the skele- 
ton as seen in Figure 21-31. They are common around the head and 
neck and males seem to be predilected. Both solitary and multiple 
lésions that are confirmed to soft tissue and bone hâve an excellent 
prognosis and may regress spontaneously. 

Microscopically these lésions hâve a nodular pattern made up of 
bundles of plump spindle cells with éosinophilie cytoplasm that are 
vimentin and actin positive. In some areas of the tumor, there may 
be more packed spindle cells that hâve a hemangiopericytoma pat¬ 
tern. Focal hyalinization may be présent. 
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FIGURE 21-30 A, Photograph of a subcutaneous nodule resected from the forearm.The tumor is not well demarcated and appears to be infiltrating the surrounding 
tissue. B, Photomicrograph of the lésion shows a cellular tumor which seems to be intimately associated with a fascial plane seen in the upper left quadrant of the 
photograph (H&E, x 4 obj.). C, High-power view to demonstrate the matted arrangement of the fibroblasts. Generally, collagen production is slight in such cases of 
nodular fasciitis and there is often a loose mucoid appearance to the intercellular matrix (H&E, x 25 obj.). Note also the extravasated red blood cells. 



FIGURE 21-31 A, Radiograph of a 5-month-old infant with a slowly growing mass on the head présent since shortly after birth. The radiograph suggests a 
differential diagnosis including epidermoid inclusion cyst, éosinophilie granuloma, or cranial fasciitis. B, The CT scan shows that the lésion is extraosseous and 
involves the bone by secondary érosion. 
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FIGURE 21-31—CONTD C, Photomicrograph of the tissue from the case illustrated in (A and B). The lesional tissue has a nodular cellular appearance (H&E, 
x 1 obj.). D, Photomicrograph of a portion of the tumor removed from the patient illustrated in (A to C) shows the typical loose nodular arrangement of spindle 
cells having an éosinophilie cytoplasm with interspersed cellular matrix rich in proteoglycan (foci of basophilie staining) and sparse collagen. Scattered chronic 
inflammatory cells are présent (H&E, x 4 obj.). E, Higher power photomicrograph illustrâtes the typical appearance of a myofibroma (H&E, x 10 obj.). 


ELASTOFIBROMA 

Elastofibroma is an uncommon, self-limited lésion found in older 
adults. With rare exceptions, the lésion occurs in the soft tissue 
between the rib fascia and the inferior portion of the scapula. On 
gross examination, the tumor is firm and rubbery in consistency 



and, although circumscribed, is not encapsulated but rather merges 
with the surrounding tissue. 

On microscopie examination, the lésion is formed of dense col¬ 
lagen and fat, interspersed with éosinophilie globules and fibers. 
Histochemically and ultrastructurally, these fibers and globules con- 
sist of elastin (a fibrous protein) and elastin precursors (Fig. 21-32). 



FIGURE 21-32 A, Photograph of a mass, présent clinically for several years, excised from the soft tissues overlying the scapula. B, Photomicrograph of a portion 
of the mass illustrated in (A) to demonstrate the disorderly collagenous matrix and bland cellular appearance of the lesional tissue (H&E, x 25 obj.). 

(Continued) 
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FIGURE 21-32—CONT'D C, The same tissue as shown in (B), stained with 
an elastic tissue stain. Note the abundant fragmented elastic fibers in the 
tissue typical of an elastofibroma (Verhoeff-Van Gieson, x 25 obj.). 


It is generally agreed that the lésion is the resuit of trauma. Treatment 
is usually by surgical excision. 


Peripheral Nerve Lésions 


TRAUMATIC (AMPUTATION) NEUROMA 

A traumatic neuroma is an exubérant but non-neoplastic proliféra¬ 
tion of nerve tissue resulting from a lacerating injury (often surgery). 
Clinically, it présents as a firm nodule that is occasionally tender or 
painful. 

Grossly the lésions are circumscribed, white-gray nodules 
located in continuity with the proximal end of the injured or 
transected nerve. Microscopically, they consist of a haphazard 
prolifération of interdigitating nerve fascicles within scar tissue 
(Fig. 21-33). 

Rarely, these lésions may be difficult for the microscopist to 
differentiate from neurofibromas, especially if there is myxoid 
degeneration. 



FIGURE 21-33 A, Low-power histologie section of a swollen amputation neuroma stained with Masson trichrome to show the increased fibrous scar tissue 
(blue staining).The proximal nerve stump is seen at left (x 1 obj.). B, Higher power view of a traumatic neuroma showing the interdigitating bundles of 
proliferating nerve fascicles that characterize this condition and at the left-hand margin a portion of the nerve trunk (H&E, x 4 obj.). C, Higher power shows a 
detailed view of the interdigitating bundles (H&E, x 10 obj.). 
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MORTON'S NEUROMA 

Mortons neuroma is a distinct clinicopathologic entity characterized 
by thickening and degeneration of one of the interdigital nerves of 
the foot, most commonly that between the third and fourth metatar- 
sal heads. The patient, usually a woman, expériences sharp shooting 
pains that are worse when standing. These pains characteristically 
begin in the sole of the foot and radiate to the exterior surface. At 
surgery, a fusiform swelling proximal to the bifurcation of the plantar 
interdigital nerve is usually seen. When dissected, the resected spéci¬ 
men usually includes the neurovascular bundle (Fig. 21-34). 

Histologie sections show three characteristic microscopie features: 
(1) endarterial thickening of the digital artery, often with thrombosis 
and occlusion of the lumen; (2) extensive fibrosis both around and 
within the nerve giving rise to demyelination and a marked déplé¬ 
tion of axons within the digital nerve; and (3) evidence of Schwann 
cell and fibroblast prolifération (Figs. 21-35 and 21-36). The histo¬ 
logie findings are most consistent with récurrent nerve trauma, most 
probably resulting from the wearing of poorly fitting shoes. 

Mortons neuroma should be differentiated from an amputation 
(traumatic) neuroma, which may also occur in the interdigital nerves 
of the feet, although very much more rarely. 



FIGURE 21-34 Gross photograph of a segment of the plantar interdigital 
nerve resected from the space between the third and fourth metatarsal 
heads in a patient with Mortons neuroma shows fusiform swelling of the 
neurovascular bundle just proximal to the bifurcation. 
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FIGURE 21-35 A, Schematic diagram of a normal neurovascular bundle illustrating the relationship of the digital nerves and artery. B, Schematic diagram of 
the neurovascular bundle from a patient with Morton's neuroma. Note the increased fibrosis in the epineurium, perineurium, and endoneurium. In addition, 
there is marked endothélial thickening of the artery, with narrowing of the lumen. 
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FIGURE 21-36 A, Histologie section of a narrowed and occluded vessel from a patient with Morton's neuroma (H&E, x 4 obj.). B, Morton's neuroma.The 
increased fibrosis of the nerve can be appreciated in this histologie section (H&E, x 10 obj.). C, High-power photomicrograph of a single nerve fascicle shows 
the loss of myelinated nerve fibers together with increased endoneural fibrosis (H&E, x 100 obj.). 


NEURILEMOMA (BENIGN SCHWANNOMA) 

Neurilemoma is an encapsulated nerve sheath tumor that consists his- 
tologically of two components: (1) a highly ordered cellular component 
(Antoni A area) and (2) a loose myxoid component (Antoni B area). 

Neurilemomas occur at ail âges but are relatively common in per- 
sons of both sexes between the âges of 20 and 50 years. They hâve 
a prédilection for the head, neck, and flexor surfaces of the upper 
and lower extremities. They almost always occur as solitary lésions, 
except in patients with neurofibromatosis type 2 (NF2), in whom 
multiple tumors (especially bilateral schwannomas of the vestibular 
nerves) are common. Multiple tumors may also be seen sporadically 
in schwannomatosis. They grow slowly and usually hâve been prés¬ 
ent several years before diagnosis is made. 

Grossly, these are encapsulated tumors, which in small nerves 
may hâve globoid or fusiform shape, and in larger nerves may prés¬ 
ent as eccentric masses over which the nerve fibers are splayed. On 
eut section, the tumor is soft and has a pink, white, or yellow appear- 
ance. It usually measures less than 5 cm and occasionally has foci of 
cystification or calcification (Fig. 21-37). 

Microscopically, the hallmark of a neurilemoma is the pattern of 
alternating Antoni A and B areas of varying amounts. Antoni A areas 
are composed of compact spindle cells that are arranged in short 
bundles with nuclear palisading or interlacing fascicles of whorling 
cells. Antoni B areas are far less cellular; the spindled or oval cells are 
arranged haphazardly within the loosely textured matrix, which is 
punctuated by microcystic change, inflammatory cells, and délicate 


collagen fibers. Diffuse and intense immunostaining for S100 pro- 
tein is seen in the cells (Fig. 21-38). About 60% of schwannomas 
show mutations in the NF2 gene, which encodes merlin (schwan- 
nomin), and virtually 100% of schwannomas fail to express this pro- 
tein, which is présent in normal schwann cells. 

SOLITARY NEUROFIBROMA 

The vast majority of neurofibromas are solitary lésions. Multiple 
neurofibromas, (neurofibromatosis or von Recklinghausens dis- 
ease) are decidedly less common (Fig. 21-39). Neurofibroma differs 
from neurilemoma in not being encapsulated, although it generally 
appears to be a circumscribed lésion. 

Clinically, most présent in patients between 20 and 30 years of 
âge. These are superficial painless lésions seen in the soft tissue, 
sometimes without evidence of an origin from a peripheral nerve. 

Grossly, they are firm, translucent white-gray tumors that may be 
formed of a fusiform expansion around an affected nerve. 

Microscopically, the neurofibroma varies, depending on the ratio 
of cells, mucin, and collagen. Most commonly, it shows interlac¬ 
ing bundles of elongated cells with wavy, dark-staining nuclei with 
intercellular wire-like strands of collagen and small to moderate 
amounts of mucoid material that separate the cells and collagen. The 
criss-crossing collagen bundles are often likened to shredded car- 
rots. The stroma of the tumor is dotted with occasional mast cells 
and lymphocytes (Fig. 21-40). Generally, the S100 stain is much less 
intense than in neurilemoma. Unlike schwannomas (which are 
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FIGURE 21-37 A, Photograph of a resected neurilemoma that has been sliced longitudinally.The variegated fibrous and myxoid appearance has been likened to 
that of ‘watered silk.' B, Photomicrograph of the tumor showing mainly the Antoni A pattern with spindle cells in a whirling pattern and focal palisaded nuclei. 

At the margins of the picture is loose myxoid tissue consistent with Antoni B pattern (H&E, x 4 obj.). 
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FIGURE 21-38 Photomicrograph of the Antoni B area of a neurilemoma 
stained with antibody to SI00 protein (immunoperoxidase stain, x 10 obj.). 


composed solely of neoplastic Schwann cells), neurofibromas con- 
sist of a heterogeneous population of Schwann, perineurial-like, and 
fibroblastic cells. 

Neurofibromatosis type 1 associated neurofibromas include 
clonal proliférations of Schwann cells showing abnormalities at 
the NF1 locus. However, because of their heterogeneous cellular 
composition, it has been more difficult to study the genetics of the 
more common sporadic neurofibromas. 


Miscellaneous Lésions 


LIPOMA 

Benign fatty tumors are the most common soft tissue tumors and 
corne in a wide variety. The fatty tissue may be admixed with vascu- 
lar tissue (angiolipoma), muscle tissue (myolipoma), cartilage tissue 
(chondrolipoma), or be a mixture of any of these éléments (Figs. 
21-41 and 21-42). Occasionally, calcification or ossification may be 
seen in a lipoma. A subcutaneus location is the most common, but 
lipomas may also appear in muscles, tendon sheaths, nerves, and 
joints. 



FIGURE 21-39 Photograph of the back of a young male with 
neurofibromatosis. Note the scoliosis, pigmentation, and raised skin nodules. 


Neural lipomas may be associated with a fibrolipomatosis hama- 
rtoma and macrodactyly (Fig. 21-43), which usually présents in 
childhood as an isolated lésion. In its extreme form—Proteus syn¬ 
drome—fibrolipomatous hamartoma is responsible for causing the 
deformities seen in the éléphant man. 

Lipomas are rarely seen in young people and clinically usually 
présent in patients older than 40 years of âge. They appear to be 
somewhat more common in men and are occasionally multiple. 
Most lipomas are superficial in location, and présent on the trunk 
and the proximal portions of the extremities. Deep lipomas are 
decidedly rarer and, therefore, often présent more of a problem in 
diagnosis. 

Grossly, soft tissue lipomas are generally well-circumscribed, 
soft, yellow tumors measuring between 4 to 10 cm in diameter 
(Fig. 21-44). Microscopically, they normally do not significantly 
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FIGURE 21-40 Photomicrograph of a neurofibroma shows a bland but 
disorderly collagen-rich, fibroblastic tumor (H&E, x 10 obj.). 


differ from the surrounding fat, although they are usually lobulated 
and may hâve admixed fibrous, myxoid, or other connective tis- 
sue éléments. Secondary changes such as hemorrhage, infarction, 
and calcification are not unusual and rests of foamy macrophages 
are common. Occasionally, atypical cells may resuit in confusion 
with liposarcoma especially in pleomorphic lipoma of the back and 
shoulder région commonly seen in older men. 

Lipomas characteristically show translocations, délétions, or 
other rearrangements involving chromosomes 12p, 6p, or 13q, and 
the démonstration of these karyotypic abnormalities helps exclude 
the diagnosis of liposarcoma in difficult cases. 

HEMANGIOMA 

Hemangiomas are the most common tumors seen in infancy and 
childhood, and are usually superficial lésions with a prédilection for 
the head and neck région. The majority hâve a capillary pattern and are 
composed of small nodules of capillary-sized vessels lined by flattened 




FIGURE 21-41 A, Photomicrograph of an angiolipoma in which the fat is admixed with nodules of packed capillaries (H&E, x 4 obj.). B, Higher power to show 
the compressed capillaries (H&E, x 10 obj.). 



FIGURE 21-42 A, Anteroposterior radiograph of a flexed knee shows a latéral soft-tissue calcified mass. B, Latéral view confirms the anterior location of the mass. 
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FIGURE 21-42—CONT'D C, Photomicrograph of the bland fatty tumor excised (H&E, x 4 obj.). D, Photomicrograph of bone and cartilage around and within 
the lésion (H&E, x 4 obj.). 



FIGURE 21-43 A, A radiograph showing localized gigantism involving the third, fourth, and fifth rays of the right foot. B, Photograph of a giant deformed toe 
in a case of macrodactyly lipomatosis. C, Low-power photomicrograph of a section across the toe demonstrated in (B) shows the disorderly fat and fibrous 
tissue. Note the absence of skin appendages (H&E, x 1 obj.). D, Photomicrograph of the skin and subcutaneous tissue of the toe, demonstrating macrodactyly 
illustrated in (A) and (B).There is an overabundance of interdigitating bundles of collagen-rich fibroblasts (H&E, x 4 obj.). 


to plump endothélium, the nodules being clumped in a lobular pat¬ 
tern (Fig. 21-45). In some cases, the vascular nature of the lésion may 
be obscured by the plumpness of the endothélial cells, giving a solid 
appearance to the tumor. In these instances, immunohistochemistry 
using a vascular marker such as CD 31 can be most helpful. 


Cavernous hemangiomas are less common, are usually larger in 
size than capillary hemangiomas and frequently involve deep struc¬ 
tures such as muscles (Fig. 21-46). On radiographs it is sometimes 
possible to visualize calcified thrombi with a long curvilineal pat¬ 
tern, or more typically with a nodular pattern (phleboliths). 
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FIGURE 21-44 A, Lipoma. An MRI showing sections through the thigh.There is a large mass in the posterior compartment of the thigh, producing 
compression of the adjacent muscles. B, Photograph of a resected lipoma showing an intact délicate fibrous capsule. C, Photograph of the sectioned tumor 
shown in (B) reveals the yellow, fatty, lobulated nature of the lésion. (A from Beltran J. MRI: Musculoskeletal System. London. Gower Medical Publishing, 
1990.) 



FIGURE 21-45 Photomicrograph to demonstrate a hemangioma. In 
this example, the packed vascular channels vary in size, hâve an irregular 
branching pattern, and the endothélial lining is unremarkable (H&E, x 4 obj.). 

Sometimes multiple hemangiomas are seen in association with 
multiple enchondromatosis (Maffuccis syndrome, see Chapter 17) 
(Fig. 21-47). 

Epithelioid hemangioma is a rare but distinctive variety of 
hemangioma characterized by inflammatory cells, particularly 
eosinophils, and in addition, plasma cells, mast cells, and lym¬ 



FIGURE 21-46 Photograph of a resected intramuscular hemangioma. Note 
the spongy and fibrous nature of the angiomatous component. 

phocytes. The cells lining the vessels hâve an epithelioid appear- 
ance with éosinophilie cytoplasm and frequently appear as a line of 
tombstones (Fig. 21-48). The same tumor also occurs in bone with 
a lower frequency. 

Another common painful tumor of the extremities in middle-aged 
persons is an angiomyoma, which is illustrated in Figure 21-49. 
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FIGURE 21-47 A, Latéral radiograph of a foot.There are many calcified nodules of approximately the same size in the soft tissues, which represent calcified 
phleboliths in an extensive soft-tissue hemangioma in a patient with Maffucci's syndrome. B, Photograph of a resected hemangioma to demonstrate in situ 
phleboliths. 



FIGURE 21-48 A, Photomicrograph of an epithelioid hemangioma to demonstrate the packed and solid appearance of the tumor due to the compression of 
the vascular spaces (H&E, x 4 obj.). B, At a higher power some of the vascular space can be discerned (H&E, x 25 obj.). 


MYOSITIS OSSIFICANS 

The diagnostic term myositis ossificans includes two entirely differ¬ 
ent clinical diseases: fibrodysplasia (myositis) ossificans progressiva 
and myositis ossificans circurnscripta. 


Fibrodysplasia (Myositis) Ossificans Progressiva 

Fibrodysplasia ossificans progressiva is a rare progressive disease in 
which groups of muscles, tendons, and ligaments (usually the mus¬ 
cles of the back and those around major joints of the upper limb) 




526 SECTIONVI SOFTTISSUE TUMORS 



FIGURE 21-49 Low-power photomicrograph to show the typical appearance 
of an angiomyoma (H&E, x 4 obj.). 


become progressively fibrosed, calcified, and ossified, thereby pro- 
ducing severe functional disability (Fig. 21-50). The disorder is often 
associated with symmetrical malformation or absence of the digits 
of the hands and feet. The sexes are equally affected, and there is no 
racial prédilection. The disorder is usually fatal because of progres¬ 
sive functional disability, including impairment of pulmonary func- 
tion. Symptoms of the disease usually begin in childhood, generally 
before the âge of 10 years. 

In some cases, the condition is inherited, and several members of 
a family may be affected. In most instances, however, it is probably 
the resuit of a spontaneous mutation. It is thought that the underly- 
ing defect in this condition is a point mutation in a “metamorpho- 
gene” encoding bone morphogenetic protein type I receptor (activin 
receptor IA/activin-like kinase 2), which régulâtes the metamor- 
phosis of fibrous tissue into bone during embryogenesis and in the 
formation of hétérotopie bone.. 

Microscopie examination of the early lésions, which consist of 
nodular swellings in the muscles and subcutis, reveal a loose pro¬ 
lifération of fibroblasts and interstitial edema that may be con- 
fused with a desmoid tumor. Microscopie examination of advanced 
lésions reveals poorly organized bone (both lamellar and woven), 
dense, fibrous scar tissue, and islands of poorly formed cartilage 
(Fig. 21-51). 

Myositis Ossificans Circurnscripta 

Myositis ossificans circurnscripta is a solitary, nonprogressive, 
benign ossifying lésion of soft tissues. The patient is usually an 
athletic adolescent or young adult who présents with a lump in 
a muscle that has been évident for some weeks and may hâve 
been somewhat painful. A history of trauma can usually be elic- 
ited, but these traumatic incidents are, more often than not, trivial 
in nature. A radiograph taken soon after the onset of symptoms 
may not reveal any calcification, but within 1 to 2 weeks, a poorly 


defined area of opacification appears. Over the following weeks, 
the periphery of this shadow becomes increasingly well delineated 
from the surrounding soft tissue (Fig. 21-52). (Diagnostic prob- 
lems in such cases occur when the lésion is biopsied in the early 
phase before peripheral maturation has occurred.) 

Gross examination of a focus of myositis ossificans circurn¬ 
scripta that has been présent for a month or two reveals a shell of 
bony tissue with a soft reddish brown central area. The lésion is 
usually 2 to 5 cm in diameter and is adhèrent to the surrounding 
muscle. 

Microscopie examination of myositis ossificans circurnscripta 
reveals in the center of the lésion an irregular mass of active, 
immature myofibroblastic cells, with foci of interstitial micro- 
hemorrhages that are rarely extensive. This tissue closely resem- 
bles nodular fasciitis. At some distance from the center of the 
lésion, depending on the âge of the entity in question, small foci 
of osteoid production can be seen. The resulting tissue may be 
disorganized and hypercellular. Near the periphery, more and 
more clearly defined trabeculae are évident. The bone is usu¬ 
ally of the immature woven type, with large, round, and crowded 
ostéocytes; however, in long-standing lésions, the bone may be 
mature and hâve a lamellar pattern and a fatty/hematopoietic 
marrow (Fig. 21-53). 

Especially in its acute stage, it may be difficult on the basis of 
histologie evidence alone to differentiate a focus of myositis from a 
sarcoma. Therefore, careful corrélation of the clinical and radiologie 
findings is essential. An important distinction to be emphasized 
is that whereas myositis ossificans is most mature at its periphery 
and least mature at its center, the opposite is true of a malignant 
tumor (see discussion of soft tissue osteosarcoma in Chapter 22). 
Treatment of myositis ossificans is usually conservative, with the 
option of excision of the mass. 

A recent X-inactivation study of myositis ossificans circurnscripta 
found evidence of polyclonality, supporting the reactive, reparative 
nature of this process. 

(Three conditions that appear to be related to myositis ossifi¬ 
cans circurnscripta—subungual exostosis, reactive periostitis, and 
bizarre parosteal osteochondromatous prolifération—hâve already 
been discussed in Chapter 16.) 

SOFTTISSUE CHONDROMA 

Cartilaginous lésions in soft tissues are rare. Most soft tissue chon- 
dromas hâve been described in the hands or feet of patients 30 to 60 
years of âge. In general, the lésions measure between 1 and 2 cm in 
diameter, and about one third of the lésions are densely calcified on 
radiographie examination. 

Grossly, the lésions are usually firmly adhered to adjacent struc¬ 
tures, tendons, tendon sheaths, or joint capsules, and hâve a hard, 
often gritty, consistency. Microscopie examination shows considér¬ 
able variation. Some consist of mature hyaline cartilage arranged in 
a lobular pattern. Others show, in addition to the cartilage, areas 
of fibrosis, myxoid change, or hemorrhage. About one third reveal 
heavy granular calcification, which may obscure the chondrocytes 
and suggest the diagnosis of tumoral calcinosis (Fig. 21-54). In many 
of these latter cases, foci of reactive epithelioid histiocytes and multi- 
nucleated giant cells further complicate the histologie présentation. 
Because of the variable and sometimes bizarre appearance these 
lésions may be occasionally mistaken for chondrosarcoma, espe¬ 
cially if they hâve a myxoid stroma. (The differential diagnosis 
should also include primary synovial chondromatosis and topha- 
ceous pseudogout.) 
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FIGURE 21-50 (A to D) These photographs demonstrate severe deformities of the limbs, spine, and neck, resulting from myositis ossificans progressiva. (E to G) 
Clinical radiographs of the patient in (A to D) show ossification around both shoulder joints as well as in the paravertebral area and hip. 



FIGURE 21-51 A, Photomicrograph of a portion of ossified soft tissue taken from the hip joint of a patient with myositis ossificans progressiva demonstrates 
both immature bone and cartilage formation, with areas of dense fibrous connective tissue also in evidence (H&E, x 1 obj.). B, Higher power photomicrograph 
of the tissue in (A) shows bone and cartilage formation within the soft tissue (H&E, x 10 obj.). 
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FIGURE 21-52 A, Clinical radiograph of a young woman who developed pain in the région of the pubis after childbirth reveals no obvious abnormality. 
B, Radiograph of the patient in (A), taken 1 month later, demonstrates a well-defined ossifying mass in the soft tissue adjacent to the pubis. 



FIGURE 21-53 A, Gross photograph of the specimen removed from the patient in Figure 21-52. In the upper part can be seen a segment of normal bone pubic 
ramus, and immediately underlying this segment is a well-circumscribed ossified mass, which, though attached to the periosteum, did not arise from the bone 
tissue. B, Photomicrograph of a section through an intact specimen of myositis ossificans circurnscripta clearly shows the fibrous cellular center and the limiting 
outer layer of more mature bone (H&E, x 1 obj.). C ( High-power photomicrograph of tissue taken from the center of the mass shown in (A) demonstrates a 
spindle-cell lésion.The cells hâve a disorderly arrangement and are producing collagen (H&E, x 25 obj.). 
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FIGURE 21-53—CONT'D D, Photomicrograph of an area adjacent to the tissue seen in (C) demonstrates immature bone matrix formation. The cellularity of 
this tissue might cause concern and lead to an erroneous diagnosis of sarcoma (H&E, x 10 obj.). E, Histologie section taken from the periphery of the lésion 
demonstrated in the previous figures shows mature bone formation, characteristic of myositis ossificans circurnscripta (H&E, x 4 obj.). 



FIGURE 21-54 A, Radiograph showing a heavily calcified tumor on the volar aspect of a proximal phalanx. Note the punctate appearance of the calcification. 
B, Photomicrograph of a peripheral field of the tumor to demonstrate viable cartilage and a délicate lace-like pattern of calcification around some of the 
cells (H&E, x 25 obj.). C, Photomicrograph of a portion of the periphery of the lésion illustrated in (A) shows heavy calcified cartilage with only a few viable 
chondrocytes at the periphery, consistent with soft-tissue chondroma (H&E, x 10 obj.). 


SOFTTISSUE GIANT CELLTUMOR 

These rare lésions seem to most commonly occur in the superficial 
or deep soft tissue of the hand or arm (Fig. 21-55). Microscopically 
they are similar to giant cell tumor of bone and hâve a similar immu- 
nophenotypic profile. 


They may need to be distinguished from nodular tenosynovitis (giant 
cell tumor of tendon sheath). However, usually their location is different 
and, as with conventional giant cell tumor of bone, also they lack het- 
erogeneity, which is the hallmark of nodular tenosynovitis. Metaplastic 
bone may be présent usually at the periphery of the lésion. 
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FIGURE 21-55 A, Radiograph of the long finger of an 83-year-old male complaining of a lump that was increasing in size.The image shows destructive changes 
in the proximal and distal interphalangeal joints and a large soft-tissue mass adjacent to the proximal joint B, Photomicrograph of tissue obtained from the 
resected soft-tissue mass shows a tumor composed of closely packed giant cells separated by mononuclear stromal cells and indistinguishable from a giant-cell 
tumor of bone (H&E, x 4 obj.). C, Higher power view (H&E, x 10 obj.). D, At the periphery of the lésion there is reactive bone formation (H&E, x 4 obj.). 


GANGLION 

A ganglion is a fibrous-walled cyst filled with clear mucinous fluid 
and usually lacking a recognizable lining of differentiated cells 
(Fig. 21-56). 

On microscopie examination, the wall of a ganglion cyst is formed 
of dense, collagenized fibrous tissue, often with foci of myxoid tissue 
(Fig. 21-57). Chronic inflammatory cells may be observed, especially 
if the cyst has been previously ruptured. 

Ganglia occur in the soft tissues, usually dissecting between ten¬ 
don planes. They are often seen in the hands and feet, particularly 
on the extensor surfaces near joints. (The most common location is 
around the wrist joint.) 

Ganglia may arise either as herniations of the synovium or from 
cystification of foci of myxoid degeneration within dense fibrous 


connective tissue, possibly secondary to trauma. Rarely, a commu¬ 
nication with the joint cavity can be demonstrated. Evidence from 
imaging studies has shown that ganglion arising in the peroneal 
nerve may be related to degenerative changes in (and may commu- 
nicate with) the adjacent tibiofibular joint. 

On occasion, these lésions may erode the adjacent bone and 
subsequently become totally intraosseous. The most common site 
for such an intraosseous ganglion is the médial malleolus of the 
tibia (see Chapter 19). Ganglia are often seen in the parameniscal 
tissue of the knee joint, usually in proximity to the latéral meniscus 
(Figs. 21-58 and 21-59). Synovial cysts may also develop in the ver¬ 
tébral column, where they may resuit in pressure on the nerve root 
or on the spinal canal contents (Fig. 21-60). 

If clinically troublesome, surgical excision of the cyst is the treat- 
ment of choice. 
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FIGURE 21-56 A, Gross photograph of an intact, excised ganglion cyst. Note the smooth fibrous wall and the translucent appearance. B, Gross photograph of a 
bisected ganglion shows a multiloculated cyst filled with clear glairy fluid. C, Photomicrograph of a ganglion shows the dense fibrous multiloculated connective- 
tissue wall, with a thin layer of flattened cells lining the cyst (H&E, x 10 obj.). 



FIGURE 21-57 Photomicrograph of a portion of the wall of a ganglion 
showing extensive myxoid change (H&E, x 10 obj.). 



FIGURE 21-58 Gross photograph of the latéral meniscus (left) and a 
parameniscal cyst (right). As is apparent here, cysts of the latéral meniscus 
may occasionally grow to a very large size. 
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FIGURE 21-59 A, Photograph of a portion of the latéral meniscus with a section through an attached cyst. B, Photomicrograph of a cross-section of the latéral 
meniscus shows focal cystic degeneration in the outer third of the meniscus. Microscopie foci of myxoid degeneration and cystification are common findings in 
histologie sections of the meniscus (H&E, x 4 obj.). 



FIGURE 21-60 Photograph of a ganglion cyst with a portion of the lamina 
bone taken from the lumbar spine of a patient with symptoms of nerve root 
compression. 





Hugh Owen Thomas* (Liverpool, 1834-1891). 

Thomas trained for a few years with his uncle, Dr. 
Owen Roberts, in North Wales and then continued 
his training in Edinburgh and University College 
London. He qualified as a member of the Royal Col¬ 
lege of Surgeons in 1857 at the âge of 23. He returned 
to Liverpool and for a short time practiced with his 
father, an unqualified bone setter, but two years 
later set up his own practice from his home, No. 
11 Nelson Street. He is regarded now as the father 
of orthopaedic surgery in the United Kingdom. At 
the Liverpool Medical Institute (founded 1779), a 
collection of memorabilia relating to Hugh Owen 
Thomas may be found. (Lrom Hugh Owen Thomas. 
Wikipedia. Available at http://en.wikipedia.org/ 
wiki/Hugh_Owen_Thomas.) 


Virgil Pendleton Gibney (1847-1927).* Born 
September 1847 on a farm in Kentucky, Gibney stud- 
ied medicine at Bellevue Medical College in New York, 
receiving his MD degree in 1871. His first appoint- 
ment was at the then new hospital for the Ruptured 
and Crippled (now the Hospital for Spécial Surgery) 
in New York City. In 1887 he was visiting Europe and 
became good friends with Hugh Owen Thomas, stay- 
ing at his home, where he also became acquainted with 
his nephew Sir Robert Jones, who was to become one 
of the great early orthopaedic surgeons in England. 
It was during the first world war that a number of 
American surgeons went to work with Robert Jones 
in the Center for Spécial Surgery, which he had set 
up to treat the wounded. Gibney was the second Sur¬ 
geon in-Chief at the Hospital for the Ruptured and 
Crippled. He died in 1927. (Courtesy of Dr. David 
Levine.) 


* Although neither of these men were pathologists, they certainly hâve played an indirect rôle in my life. 
I went to Liverpool University Medical School where I determined to be a pathologist with an interest in 
bone and joint disease. Eventually I came to work at the Hospital for Spécial Surgery (the old Ruptured and 
Crippled) where I hâve spent 40 happy years of my professional life. 
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To put things into perspective, although malignant tumors arising 
in the soft connective tissues are about three times more common 
than those arising in the skeletal tissues, they are still 20 times less 
common than lung cancer . 

The most common soft tissue sarcomas are malignant fibrous 
histiocytoma, liposarcoma, rhabdomyosarcoma, and synovial 
sarcoma. 

Because soft tissue sarcomas tend to show considérable variation 
in their histologie patterns and can be very difficult to diagnose, it 
is often wise to seek a second opinion from some authority in the 
subject. 


Malignant Fibrous Histiocytoma 


The commonest manifestation of malignant fibrous histiocytoma 
(MFH) is a poorly differentiated pleomorphic high-grade tumor 
that is characterized by a storiform, matted, or pinwheel pattern and 
is generally seen in older adults. The microscopie diagnosis is one 
of exclusion and should not be made until a panel of immunohis¬ 
tochemical and appropriate genetic studies hâve been performed to 
exclude other types of sarcoma as well as poorly differentiated mela- 
noma or carcinoma. 

The term MFH was first introduced in 1963, and before that 
time, most of these lésions would hâve been diagnosed as pleo¬ 
morphic rhabdomyosarcoma or fibrosarcoma. Today some 
experts discourage use of the term MFH on the grounds that this 
tumor lacks true histiocytic différentiation and that widespread 
use of this diagnostic category may discourage additional stud¬ 
ies that would lead to classification as a differentiated sarcoma 
subtype. 

Most of the patients are in the fifth to seventh décades of life, 
and two thirds are men. The tumor is most often seen in the lower 
extremity, particularly the thigh, and at the initial présentation has 
usually been présent for several months or even a year or two. Most 
of the lésions are intramuscular. Occasionally, an MFH may arise in 
a previously irradiated area. 

Grossly the tumor is generally a lobulated, fleshy gray-white 
mass, between 5 and 10 cm in diameter, which appears circum- 
scribed, even though microscopically, it may hâve infiltrated into the 
surrounding tissue and along fascial planes (Fig. 22-1). Occasionally 



FIGURE 22-1 Photograph of a soft-tissue malignant fibrous 
histiocytoma having a lobulated fleshy appearance. These tumors, 
though they may appear well circumscribed, usually show microscopie 
extension into the surrounding tissue. The excision shown here was 
certainly inadéquate. 


there may be evidence of extensive necrosis and/or hemorrhage. 
About 20% of these tumors hâve a decidedly myxoid appearance, 
which may grossly suggest a myxoid liposarcoma. 

Microscopically, MFHs are variable. Most of them hâve a stori¬ 
form pleomorphic pattern, and the rest show either a myxoid or a 
predominantly giant cell pattern, with an inflammatory infiltration 
both of acute and chronic inflammatory cells, which tend to obscure 
the underlying tumor. 

In the classic storiform-pleomorphic pattern, plump spindle 
cells are arranged in a matted pattern of short fascicles. Focally, 
there are large atypical cells, many of them multinucleate giant 
cells, together with many mitotic figures both typical and atypical 
(Fig. 22-2). 

As already stated, the diagnosis dépends on careful exclusion of 
other entities by the use of immunohistochemistry. Genetic studies 
typically reveal complex abnormal karyotypes with structural and 
numerical aberrations. 



FIGURE 22-2 A, Photomicrograph to demonstrate a storiform pattern in an MFH (H&E, x 10 obj.). B, Higher power view to demonstrate giant cells amongst 
the spindle cells (H&E, x 25 obj.). 
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FIGURE 22-2 — CONT'D C, Another high-power field to demonstrate the 
variability seen in these tumors (H&E, x 25 obj.). 


Liposarcoma 


Liposarcomas most often présent in the deep soft tissue of the lower 
extremity, particularly the thigh or in the retroperitoneum. They 
tend to occur in older adults and are frequently large at the time of 
clinical présentation. 

There are five subtypes of liposarcoma, which can be conve- 
niently grouped into three. The subtypes are distinct from each 
other histologically, biologically, and cytogenetically (Table 22-1). 

Well-differentiated liposarcomas are large multilobular yellow 
tumors with varying amounts of fibrous tissue coursing through 
them (Fig. 22-3). Microscopically, the well-differentiated lipos¬ 
arcomas are formed predominantly of mature fat with varying 
numbers of atypical spindle cells with hypochromatic nuclei and 
vacuolated lipoblasts; varying degrees of fibrosis and chronic 
inflammation may be présent (Fig. 22-4). Dedifferentiation occurs 
in around 6% of the extremity lésions but is somewhat more com- 
monly seen in rétropéritonéal lésions. The dedifferentiated areas 
most often hâve the pattern of an MFH or high-grade fibrosar- 
coma (Fig. 22-5). Dedifferentiation of a well-differentiated lipos¬ 
arcoma needs to be distinguished from an ab initio pleomorphic 
liposarcoma (Fig. 22-6). 

Myxoid or round cell liposarcomas are also generally large lobular 
tumors but with a grayish myxoid gross appearance with more solid 
areas depending on the proportion of the tumor having a round cell 
pattern. Microscopically, myxoid liposarcomas are multinodular, 
with each nodule generally paucicellular in the central area and 



FIGURE 22-3 Photograph of a resected liposarcoma to show the well- 
encapsulated appearance that most of these tumors hâve. 



FIGURE 22-4 In low-grade well-differentiated liposarcomas, much of the 
tissue may be indistinguishable from lipoma. However, some fibrosis and 
chronic inflammation may be présent and careful searching will show large 
atypical lipoblasts as seen in this photomicrograph (H&E, x 10 obj.). 


TABLE 22-1 Types and Outcomes of Liposarcoma 
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FIGURE 22-5 A ( This low-power photomicrograph of a dedifferentiated myxoid liposarcoma shows the low grade myxoid liposarcoma (left) and the 
dedifferentiated cellular tumor (right) (H&E, x 1 obj.). B, Higher power of the low grade myxoid tumor. Note the numerous capillaries coursing through the 
tumor (H&E, x 10 obj.). C, Photomicrograph of the cellular spindle cell dedifferentiated tumor, which also shows reactive bone formation (H&E, x 10 obj.). 


more cellular at the periphery; characteristically, there is a délicate 
plexiform capillary network coursing through the tumor. The cells 
are bland and fusiform, and in a myxoid matrix of hyaluronic acid 
(Fig. 22-7). In the more solid round cell areas, the cells are more 
closely packed; however, lipoblasts can usually be readily recognized 


(Fig. 22-8). Occasionally, as in other forms of liposarcoma, immuno¬ 
histochemical stains demonstrate occasional myoblastic cells as well 
as keratin positive cells. Tumor cells (lipoblasts) are usually S-100 
positive. As in lipomas, occasionally foci of cartilage or bone may be 
présent within a liposarcoma (Fig. 22-9). 



FIGURE 22-6 A, Photograph of a pleomorphic liposarcoma in section. The tumor is surrounded by subcutaneous fat and lies just below the skin. Note how well 
the tumor is demarcated from the surrounding tissue. B, Photomicrograph to demonstrate the pattern in a pleomorphic liposarcoma (H&E, x 4 obj.). 
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FIGURE 22-6—CONT’D C, Higher power view to demonstrate the 
pleomorphism of the cells. Occasional, very bizarre and giant lipoblasts are 
seen in this form of tumor (H&E, x 25 obj.). 


Rhabdomyosarcoma 


Rhabdomyosarcoma is a malignant tumor differentiating toward 
skeletal muscle and is the most common soft tissue sarcoma of chil- 
dren and, to a lesser extent, young adults. It is rare in people older 
than 40 years of âge (Fig. 22-10). 


Rhabdomyosarcomas hâve considérable histologie heterogene- 
ity depending on cellularity, pattern of growth, and cellular dif¬ 
férentiation. Generally, they are classified as embryonal (botryoid 
or spindle cell variants of embryonal), alveolar, or pleomor- 
phic. The botryoid and spindle cell variants of embryonal rhab¬ 
domyosarcoma hâve the best prognosis; those with conventional 
embryonal rhabdomyosarcoma hâve an intermediate prognosis, 
and those with an alveolar or undifferentiated pattern hâve a poor 
prognosis. 

Embryonal rhabdomyosarcoma with its botryoid and spin¬ 
dle cell subtypes affects mainly children between birth and 15 
years of âge. Alveolar rhabdomyosarcoma affects a somewhat 
older âge group between the âges of 10 and 25. Pleomorphic 
sarcomas are rare and seen in patients older than 45 years of 
âge. Most embryonal tumors occur in the head and neck or 
trunk, commonly around the orbit or the paratesticular région. 
Many of the alveolar and the rare pleomorphic type occur in the 
extremities. 

Embryonal rhabdomyosarcoma resembles microscopically 
the various stages of muscle development from poorly differ- 
entiated monotonous round cell tumors to well-differentiated 
tumor cells, with cross-striations resembling rhabdomyoblasts 
(Fig. 22-11). 

In the case of poorly differentiated embryonal tumors, it may 
be difficult without immunohistochemical staining to distinguish 
between Ewings tumor, neuroblastoma, melanoma, or rhabdo¬ 
myosarcoma. 





FIGURE 22-7 A, Photograph of the eut surface of a myxoid liposarcoma to show the typical mucoid appearance of these tumors. B, Photomicrograph of a myxoid 
liposarcoma shows the typical loose cellular arrangement with focal pool of mucoid material.There is the characteristic network of fine branching capillaries (H&E, 
x 4 obj.). C, Higher power view of the tumor (H&E, x 10 obj.). D, Higher power view with lipoblasts (H&E, x 25 obj.). (B, C, and D courtesy of Dr. Mark Edgar.) 
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FIGURE 22-8 A, Photomicrograph of a myxoid liposarcoma containing pools of mucous, which in areas, resulted in a lace-like pattern (H&E, x 10 obj.). 
B, Photomicrograph of a liposarcoma with a closely packed round-cell pattern (H&E, x 25 obj.). (B courtesy of Dr. Mark Edgar.) 



FIGURE 22-9 Photomicrograph to demonstrate bone formation in a 
liposarcoma (H&E, x 10 obj.). 


Alveolar rhabdomyosarcoma resembles a poorly differentiated 
embryonal rhabdomyosarcoma but with poorly defined aggre- 
gates of round cells separated by vascularized dense fibrous septae. 
Frequently, the cells in the center of these aggregates show loss of 
cohésion, resulting in an alveolar pattern (Fig. 22-12). 

The most useful immunohistochemical stains for the diagnosis 
of the rhabdomyosarcoma are desmin, muscle-specific actin, and 
myogenin. Cytogenetic abnormalities of embryonal and alveolar 
rhabdomyosarcoma are distinct. 



FIGURE 22-10 Photograph of a rhabdomyosarcoma that presented in the 
hypothenar eminence. 

Embryonal sarcomas are characterized by a consistent loss 
of heterozygosity for multiple closely linked loci at chromo¬ 
some llpl5.5. Trisomy 8 has also been reported. Most alveo¬ 
lar rhabdomyosarcomas hâve t(2; 13)(q35:14) or t(l;13)(p36;ql4) 
translocation. 
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FIGURE 22-11 Photomicrograph of a rhabdomyosarcoma of embryonal 
type shows immature cells with elongated éosinophilie cytoplasm 
(H&E,x lOobj.). 


Synovial Sarcoma 


Synovial sarcomas are rare malignant neoplasms of unknown histogene- 
sis, affecting the extremities, most commonly the lower extremities. Most 
involve soft tissue in the vicinity of joints, especially the knee. Although 
the name implies an origin from synovial lining cells, intra-articular syn¬ 
ovial sarcomas are decidedly rare. Usually sharply circumscribed, these 
tumors may extend along fascial planes and/or invade bone. 

Both biphasic and monophasic types of synovial sarcoma are rec- 
ognized. The classic biphasic type has both a spindle cell and an 
épithélial component. A monophasic spindle cell tumor requires 
positive immunohistochemical or cytogenetic identification. 

Patients with synovial sarcoma usually présent between the âges 
of 15 and 40 years with pain or with a slow-growing mass. The 



FIGURE 22-12 Some rhabdomyosarcomas will présent with a pseudoalveolar 
pattern (H&E, x 10 obj.). (Courtesy of Dr. Mark Edgar.) 

tumor is decidedly rare in children. A lobulated soft tissue shadow 
may be seen on radiographs, and irregular, spotty calcification is évi¬ 
dent in about 20% of affected individuals (Figs. 22-13 and 22-14). 
Although the lésion may grossly appear to be encapsulated, on 
microscopie examination, it usually exhibits diffuse infiltration of 
the surrounding tissues. On gross examination, the tumor has a rub- 
bery consistency and may contain evidence of hemorrhage, cysts, 
and calcification (Fig. 22-15). 

On microscopie examination, classic synovial sarcoma has a biphasic 
pattern of plump uniform spindle cells and well-differentiated cuboidal to 
columnar cells forming gland-like spaces, in which cytokeratin and épi¬ 
thélial membrane antigen can be demonstrated (Fig. 22-16). The glandu- 
lar zones contain mucus-like material that stains positively with periodic 
acid-Schiff stain, alcian blue, and mucicarmine. Microscopie calcifi¬ 
cations are usually found; foci of hyalinization, and bone formation 



FIGURE 22-13 A, Radiograph of a young male with discomfort in the hip shows a calcified mass on the médial side of the fémoral neck that, as can be seen in 
the CT (B), is not attached to the bone.This proved to be a synovial sarcoma. 
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FIGURE 22-14 Radiograph of a calcified soft-tissue mass in the popliteal space. 
Although many cases of synovial sarcoma will not hâve obvious radiologie 
evidence of calcification, around 50% will show some microscopie evidence. 


may also be présent (Fig. 22-17). Mast cells are a typical feature, usually 
being more numerous in the spindle cell component. 

Monophasic synovial sarcomas are as frequently diagnosed as the 
classic biphasic variety. These tumors are characterized by a monoto- 
nous, small spindle cell population lacking the gland-forming compo- 
nents typically seen in classic synovial sarcoma (Fig. 22-18). In these 
cases, positive identification dépends on the démonstration of épithé¬ 
lial antigens by immunohistochemistry. Usually, only a few cells are 
positive for cytokeratin but rarely it may be the majority (Fig. 22-19). 

Consistent spécifie translocation t(X:18)(pll.2q;11.2) is found in 
90% of synovial sarcomas. This results in fusion of the SYT gene on 
chromosome 18 to the SSX1 or SSX2 gene on the X chromosome. 

Synovial sarcoma has a high rate of local récurrence, as well as 
metastasis (Fig. 22-20). Although there is no consistent prognos- 
tic différence between biphasic and monophasic subtypes, patients 
whose tumors show SYT-SSX2 fusion are thought to hâve a better 
prognosis than those with SYT-SSX1 fusion. 



FIGURE 22-15 A, Photograph of a synovial sarcoma which is closely applied to the fémoral neck in a 19-year-old female. B,Transected gross specimen of the 
upper end of the fémur and acetabulum shows the tumor abutting against the neck of the fémur. (Typically, synovial sarcomas do not involve the joint space.) 



FIGURE 22-16 A, Photomicrograph of a malignant synovial sarcoma demonstrates the biphasic appearance of such lésions. Gland-like spaces lined with 
columnar épithélial cells are seen, as well as a fibrosarcomatous stroma. The ratio of these two components may vary considerably (H&E, x 4 obj.). B, A higher 
power view to better show the spindle-cell stroma (H&E, x 10 obj.). 
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FIGURE 22-17 Photomicrograph to demonstrate a focus of calcification 
within a synovial sarcoma. (Calcification is more usual at the margins of the 
tumor [H&E, x 10 obj.].) 


Fibrosarcoma 


Fibrosarcoma is a malignant tumor of fibroblasts, that is, collagen- 
producing cells, which show no other evidence of différentiation. 

At one time, this was the most commonly diagnosed malignant 
connective tissue tumor. However, with the increasing use of immu- 
nohistochemistry, the ségrégation of desmoid tumors, monophasic 
synovial sarcoma, and benign reactive processes such as fasciitis, the 
diagnosis of fibrosarcoma has become a diagnosis of exclusion and is 
much less commonly made. 

Most patients are in the 30s to 50s, and most of the tumors 
are seen on the extremities, more frequently the lower extremity. 
Generally, these individuals hâve slowly growing tumors, and in 
most cases, the tumor has been présent 2 years or more when seen 
clinically. The tumor generally arises in the deep structures, either 
intramuscularly or in the intermuscular septae. Grossly the excised 
tumors are firm and gray-white in color (Fig. 22-21) and measure 
less than 10 cm in diameter. 




B 

FIGURE 22-18 A, Photomicrograph of a monophasic synovial sarcoma. Cytokeratin stains in such a case will show occasional positive epithelioid cells. Note 
the foci of hyalinized intercellular matrix, which is occasionally présent (FI&E, x 4 obj.). B, A cytokeratin stain (CAM 5.2) showed small islands of epithelioid cells 
(immunoperoxidase, x 10 obj.). 



FIGURE 22-19 A, The photomicrograph is of tissue removed from the elbow joint of a 27-year-old male who presented clinically with pain and limitation of 
motion. The clinical diagnosis was loose bodies and synovitis. The microscopie finding was of a spindle-cell neoplasm (B), which stained diffusely positive with 
vimentin antibody and focally positive with cytokeratin antibody (AE-1/AE-3). (Malignant synovial sarcoma is only very rarely seen in a joint.) ([A] H&E, x 4 
obj.; [B] immunoperoxidase, x 4 obj.). 
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FIGURE 22-20 Radiograph to demonstrate lung métastasés in a case of 
synovial sarcoma. 



FIGURE 22-21 Photograph of an intramuscular fibrosarcoma to show the eut 
surface. 



Microscopically, the lésions consist of uniform spindle cells with 
scanty cytoplasm that are organized into rather uniform fascicles. 
Mitoses are generally présent but vary in number. Occasionally 
myxoid changes are seen in the matrix. The lésions are generally 
regarded as either well or poorly differentiated. In a well-differen- 
tiated fibrosarcoma, there is generally a very distinct herring-bone 
pattern with a variable degree of collagenization (Fig. 22-22). In 
the less well-differentiated tumors, there is generally more cellular 
crowding, more mitoses, a less distinct pattern, and foci of necro- 
sis. With wide marginal excision, the 5-year survival rate for well- 
differentiated tumors is about 60%, whereas for poorly differentiated 
tumors, it is about 30%. Différentiation from monophasic synovial 
sarcoma or peripheral nerve sheath tumors requires immunohis¬ 
tochemical stains for accuracy. Many fibrosarcomas show limited 
evidence of muscle différentiation by immunohistochemistry, and 
these tumors are considered to be myofibrosarcomas (Fig. 22-23). 

Two important variants of fibrosarcoma with confusingly simi- 
lar names hâve been recognized in recent years. The more common 
type is designated myxofibrosarcoma and tends to occur in the 
subeutaneous tissue of the extremities in older adults in whom its 
insidiously infiltrative pattern of invasion along connective tissue 
and fascial planes makes excision with négative margins very dif- 
ficult. Histology shows highly myxoid nodules within which large 
spindle cells with frank atypia tend to condense around curvilinear 
blood vessels (Fig. 22-24). Fligh- and low-grade examples are recog¬ 
nized, with the former showing increased cellularity, mitotic activ- 
ity, and (in about 30% of cases) metastasis. 

Considerably less common is a low-grade fibromyxoid sarcoma 
(Evans tumor). This tumor also occurs preferentially in soft tissue 
of the extremities but generally affects younger adults than myxofi¬ 
brosarcoma. Flistology is deceptively innocuous, with monotonous 
spindle cells focally growing in biphasic collagenous and myxoid 
patterns (Fig. 22-25), which may mimic a variety of benign tumors 
(such as desmoid or neurofibroma). Recently, 7;16 and 11;16 trans¬ 
locations involving the FUS gene on chromosome 16 hâve been 
found in this tumor. 


Ossifying Fibromyxoid Tumor of Soft Tissue 


Ossifying fibromyxoid tumor of soft tissue is a rare neoplasm most 
often seen in the extremities of adults, although it may also occur in 
the trunk or head and neck région. Most often, it is subeutaneous 
but may occasionally occur in deeper tissue. 



FIGURE 22-22 A, Photomicrograph of a fibrosarcoma to show the packed spindle-cell pattern (FI&E, x 4 obj.). B, A higher power shows the 'herring-bone' 
pattern (FI&E, x 25 obj.). 
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FIGURE 22-23 A, A 38-year-old man presented with mild knee pain. An MRI reveals a small superficial lésion anteriorly in the distal fémur. (B and C) Two views 
of the resected tumor show a collagen producing tumor with rather plump spindle cells having an éosinophilie cytoplasm (both: H&E, x 10 obj.). D, The tumor 
was positive for smooth muscle actin (immunoperoxidase, x 10 obj.), and (E) showed a moderate uptake of Ki67 (immunoperoxidase, x 10 obj.). 


On imaging studies, they often hâve a calcified periphery, which 
on histologie examination is frequently osseous. 

Most tumors are 4 to 6 cm in diameter and are made up of vari¬ 
able amounts of collagenized fibrous tissue and loose myxoid tissue, 
which may contain epithelioid cells. Cellularity is variable, and mito¬ 
ses are rare. Thin-walled blood vessels are normally prominent (Fig. 
22-26). Some cases may show increased cellularity, and more than two 
mitoses per 50 high power fields. Some of these cases may recur, and 
métastasés hâve been reported. S100 protein is usually demonstrable. 


Malignant Peripheral Nerve Sheath Tumors 
(Malignant Neurilemoma) 


A malignant peripheral nerve sheath tumor (MPNST) is a spin¬ 
dle cell sarcoma that arises from a nerve or from a neurofibroma, 
or has histologie immunohistochemical or ultrastructural fea- 
tures believed to be characteristic of a nerve sheath. This tumor 
accounts for less than 10% of ail soft tissue sarcomas, and up to 
half the cases occur in association with type I neurofibromatosis. 
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FIGURE 22-24 Myxofibrosarcoma showing large, atypical cells growing in 
myxoid matrix with associated curvilinear blood vessels (H&E, x 10 obj.). 
(Courtesy of Dr. Mark Edgar.) 


FIGURE 22-25 Low-grade fibromyxoid sarcoma (Evans tumor) showing 
bland spindle cells in alternating pink collagenous and pale blue myxoid 
zones (H&E, x 10 obj.). (Courtesy of Dr. Mark Edgar.) 



FIGURE 22-26 A, Latéral radiograph shows a large ossifying mass related to the proximal fémoral diaphysis. B, Anteroposterior radiograph shows that the 
lésion is mostly médial. C, MRI shows a very large soft-tissue mass in this obese female. D, Lower power photomicrograph to show an area of bland bone 
formation in a cellular spindle cell tumor (H&E, x 4 obj.). 
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FIGURE 22-26—CONT'D E ( Higher power photomicrograph shows moderate collagen formation with a loose fibromyxoid stroma (H&E, x 10 obj.). F, High- 
power photomicrograph shows regular fibromyxoid cells with a pink lacy cytoplasm (H&E, x 25 obj.). (Courtesy of Dr. Michael Klein.) 


In patients with neurofibromatosis, the development of a painful 
mass should alert the clinician to the possibility of an MPNST. 
Most patients with MPNSTs are between the âges of 25 and 40 at 
the time of présentation. 

Most cases are seen in relationship to major nerves of either the 
brachial or sciatic plexus and, hence, in the proximal upper or lower 
extremity. 


Microscopically, most MPNSTs resemble fibrosarcomas in their pat¬ 
tern. However, unlike the symmetrical nuclei of fibroblasts, the nuclei 
in cases of MPNST are often wavy in outline; there may be nuclei pali- 
sading, and the lésion may demonstrate a nodular or plexiform arrange¬ 
ment (Fig. 22-27). Occasional cases of MPNST demonstrate myoblastic 
différentiation (Triton tumor), whereas others show vascular or épithé¬ 
lial différentiation. Mature islands of cartilage or bone may be présent. 




FIGURE 22-27 A, Photomicrograph of a malignant peripheral nerve sheath tumor. At low power, there is a cellular spindle-cell lésion with a non-descript but 
focally nodular pattern (H&E, x 4 obj.). B, At a higher power, there are distinct foci of nuclear palisading in this field (H&E, x 10 obj.). C, Another field stained 
for S100 protein (x 10 obj.). 
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The microscopie differential diagnosis of MPNST from fibrosar- 
coma, monophasic synovial sarcoma, or leiomyosarcoma may be dif¬ 
ficulté It dépends on the morphology in addition to a careful évaluation 
of a panel of immunohistochemical stains. The most useful stain for 
nerve sheath différentiation is S100 protein. However, there are no spé¬ 
cifie markers and the careful évaluation of a panel of antigens is neces- 
sary to arriving at a correct diagnosis. It may be especially difficult to 
differentiate a cellular neurilemoma from an MPNST and impossible 
with a small biopsy. However, generally the S100 protein is more dif- 
fusely distributed in a neurilemoma and generally typical morphologie 
features of neurilemoma can be found: the Antoni A and B pattern. 
The rates of récurrence and métastasés in MPNST are around 50%. 


Epithelioid Sarcoma 


Epithelioid sarcoma is a fully malignant, painless soft tissue sarcoma, 
which, when it first présents, is likely to be mistaken for granulation 
tissue, ulcerated squamous cell carcinoma, or a synovial sarcoma. 
The patients are generally young adults (aged 10 to 35), and men 
appear to be more frequently affected. These lésions most often prés¬ 
ent in the superficial subcutis or deep tendon sheaths of the hand, 
wrist, or fingers, but may also extend to involve the skin and ulcer- 
ate. The lésions vary considerately in size from a few millimeters in 


diameter to several centimeters. The smaller lésions in particular 
will tend to be underdiagnosed both clinically and pathologically. 
The histogenesis of this neoplasm remains obscure, but a synovial 
origin has been suggested. 

On microscopie examination, epithelioid sarcoma is a nodular 
growth composed of a densely éosinophilie polyhedral cell popula¬ 
tion with prominent nucleoli and an épithélial appearance; however, 
occasionally the cells are spindled (Fig. 22-28). Pleomorphism is 
variable, and central necrosis may be évident. Immunohistochemical 
stains are generally positive with both vimentin and épithélial mark¬ 
ers (Fig. 22-29). These tumors hâve a tendency to recur and may dis- 
seminate via the lymphatic and vascular Systems, eventually leading 
to both lymph node and lung métastasés. Although the long-term 
prognosis is poor, some patients may survive for many years with 
metastatic disease. 

The treatment of choice is wide excision. 


Soft Tissue (Extraskeletal) Osteosarcoma 


Rare cases of bone-forming malignant mesenchymal tumors hâve 
been described in the soft tissues, usually intramuscularly and most 
commonly in the thigh. These are usually round to ovoid lésions 



FIGURE 22-28 A, In this patient with an epithelioid sarcoma, the tumor initially arose in the distal portion of the tendon sheath of the extensor pollicis 
longus. At amputation, as demonstrated in this photograph, the tumor was found to be in the subsynovial space, wrapping around the tendon. 

B, Photomicrograph of an epithelioid sarcoma shows plump, oval to polyhedral cells that hâve a dense éosinophilie cytoplasm.The prédominant pattern here 
is épithélial, but in other areas a spindle fibrosarcomatous appearance can be expected (H&E, x 10 obj.). (C) Higher power view of nests of epithelioid cells 
(H&E, x 40 obj.). 
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Tumor invasion of fat 



Inflammatory tissue 




FIGURE 22-29 A, Photomicrograph of an epithelioid sarcoma in the région of the hypothenar eminence that presented as a small, irritated nodule. There is a 
nodular pattern of swollen cells with smaller spindle cells running between them. In the lower right it is invading fat (H&E, x 10 obj.). B, In another area of the 
tumor there are admixed chronic inflammatory cells (H&E, x 10 obj.). It is perhaps not difficult to see that such an appearance may be confused with reparative 
tissue. C, Nearly ail the cells stain for vimentin (immunoperoxidase, x 10 obj.). D, The larger swollen cells, but not the smaller spindle cells, also stain for 
cytokeratin (CAM 5.2) (immunoperoxidase, x 10 obj.). 


that exhibit radiographically trabeculated bone formation through- 
out. They occur in older individuals with a mean âge of between 50 
and 67 years. The duration of symptoms at the time of présenta¬ 
tion is usually only a few months. In some cases, the lésion has been 
associated with prior radiotherapy. 

Grossly, the excised tumors are soft to firm and gritty, and hâve a 
variegated hemorrhage and necrotic appearance. They may appear 
to be well circumscribed or infiltrative. Microscopically, they may 
be dense and fibroblastic or extremely cellular, with fine lace-like 
osteoid and mineralized bone (Fig. 22-30). 

Because metaplastic bone is found in a variety of other mes- 
enchymal tumors including synovial sarcoma, malignant fibrous 
histiocytoma, and liposarcoma, differential diagnosis may on occa¬ 
sion be very difficult. In general, the prognosis is poor with early 
métastasés. 


Extraskeletal Myxoid Chondrosarcoma 
(Chordoid Tumor) 


Extraskeletal myxoid chondrosarcoma is a rare tumor that usually 
présents in the deep soft tissue of an extremity, most often the thigh 
or popliteal fossa. Generally, it is a slow-growing tumor and metas- 
tasizes late. Most of the patients are middle-aged or older, and men 
are more commonly affected. 

Grossly, the tumor is generally well circumscribed with a soft to 
firm consistency. On sectioning, it characteristically has a nodu¬ 
lar gelatinous appearance and there may be focal hemorrhage (Fig. 
22-31 A). From the gross appearance, the lésion is most likely to be 
initially diagnosed as a myxoid liposarcoma. 

Microscopically, the cells are monomorphic and hâve small 
hyperchromatic nuclei with a thin rim of éosinophilie cytoplasm. 
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FIGURE 22-30 A, Radiograph of a 50-year-old man who presented with a small, painful mass in the calf région. A well-defined ossified lésion is évident in 
the soft tissue. B, Gross lésion resected from the patient in A. C, Radiograph of the specimen shows the formation of mineralized tissue throughout the 
lésion. There is no evidence of maturation of the bone toward the periphery, a finding in contrast to that found in myositis ossificans, a lésion that can be 
mistaken for a soft-tissue osteosarcoma. D, Photomicrograph to demonstrate malignant bone formation by a fibrous stroma (H&E, x 10 obj.). E, Higher power 
photomicrograph demonstrates a cellular stroma forming immature bone (H&E, x 25 obj.). 
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Frequently, the cells are arranged in short anastomosing strands 
with abundant extracellular mucoid matrix. Differentiated chon¬ 
drocytes are rare in this tumor, which is now classified as a neo- 
plasm of uncertain histogenesis. Mitotic figures are generally rare 
(Fig. 22-31B). 

Immunohistochemical staining shows diffuse S100 staining in 
around 50% of cases; however, because most of the lésions in the 
differential diagnosis are S100 positive, this is not very helpful. 


Epithelial markers will be négative, which differentiates this lésion 
from chordoma and mixed tumors of salivary gland or sweat gland 
origin. 

Extraskeletal myxoid chondrosarcoma is characterized by a bal- 
anced translocation t(9:22)(q22;ql2) or t(9;17)(q22;qll). 

Mesenchymal chondrosarcoma, which has already been discussed 
in Chapter 17, may also occur in the soft tissues in almost 25% of 
cases, mostly around the head and neck région or in the thigh. 



FIGURE 22-31 A, Gross photograph of a myxoid chondrosarcoma excised from a middle aged man just above the popliteal space. B, The photomicrograph 
demonstrates cords of cells lying in a myxoid stroma (H&E, x 4 obj.). (Courtesy of Dr. Mark Edgar.) 
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A 

Abnormal trabecular pattern, 64-65, 65/ 
focal, 65, 66/ 

generalized, 64-65, 65/ 66f 
Abscess. See also Infection; Osteomyelitis 
Brodie’s, 125,126/ 
fémoral, 126/ 
fémoral neck, 126 f 
lung, 85/ 
tuberculous, 128 
vertébral, 120 
Achilles tendon 
rupture of, 94 

xanthoma of, 218-219, 21^ 

Achondroplasia, 158, 159/ 160 f 
Acid-fast bacilli, 129-130, 132 
Acid phosphatase 

in inflammation, 88-90 
in juvénile Paget’s disease, 171-172 
Acid phosphatase stain, 47 
Acquired immunodeficiency syndrome (AIDS), 
119,127 

Acromelic dwarfism, 159 
Acromial bursa, calcifications of, 210 f 
Actin, 47 

in myofibrosarcoma, 543/ 

Actinomyces israeli infection, 114, 114 f, 115/ 

Acute inflammatory reaction, 88-90 
Acute rheumatoid disease, 280. See also Rheumatoid 
arthritis 
Adamantinoma 

differentiated, 438-441, 441/ 442/ 
long bone, 446, 447/ 448 f 
osteofibrous dysplasia and, 441 
Adenocarcinoma, 492, 493/ 

Adenoma, parathyroid, 192-193, 195/ See also 
Hyperparathyroidism 
Adolescent coxa vara, 274-275, 21 Af, 275/ 

Age 

aggrecan decrease with, 4-5 
aneurysmal bone cyst and, 453-454, 456 f 
bone loss with, 175-177. See also Osteoporosis 
bone tumor distribution by, 66-67, 67 1 
chondroblastoma and, 410-412, 412/ 
chondromyxoid fibroma and, 413-414, 414f 
chordoma and, 425, 425/ 
enchondroma and, 405, 408/ 
éosinophilie granuloma and, 462, 463/ 

Ewing s sarcoma and, 478, 478/ 
fémoral head changes and, 22 f 
fibrosarcoma and, 443, 443/ 
fibrous dysplasia and, 435/ 
giant cell tumor and, 466-471, 471/ 
hydroxyapatite changes with, 4 
intervertébral dise changes with, 304, 304 f 
Intramedullary chondrosarcoma and, 417, 41 7f 
joint changes with, 21, 22/ 236 
lymphoma and, 481, 481/ 
meniscal changes with, 22/ 105-106, 107/ 
nonossifying fibroma and, 430 f 
osteoblastoma and, 374, 376/ 
osteochondroma and, 400, 400 f 
osteoid osteoma and, 370, 371/ 
osteosarcoma and, 380-381, 380/ 383, 391/ 
unicameral bone cyst and, 453, 453/ 


Aggrecan, 4, 6 f 7/ 

age-related changes in, 4-5 
Aggressive fibromatosis. See Desmoid tumor 
Agnogenic myeloid metaplasia (myelofibrosis), 61, 
226-227, 228 f 

AIDS (acquired immunodeficiency syndrome), 

119,127 

Albers-Schonberg disease. See Osteopetrosis 
Albright-McCune syndrome, 69-70, 436-438 
Alcian blue stain, 45-47, 49/ 

Alcoholism, fémoral head osteonecrosis and, 346, 
347, 358 

Alizarin red stain, 45-47, 49/ 

Alkaline phosphatase, 15-16 

in Camurati-Engelmann disease, 175 
deficiency of, 156-157, 156/ 157/ 158/ 
in hypophosphatasia, 156 
in juvénile Paget’s disease, 171-172 
in osteomalacia, 201 
in osteoporosis, 18l£ 
in Paget’s disease, 167 
Alkaline phosphatase stain, 47 
Alkaptonuria. See Ochronosis 
Allergy, methylmethacrylate-related, 331 
Allison-Ghormley bodies, 284 f 
Aluminum, accumulation of, 194,195/ 

200 , 201 / 

Alveolar rhabdomyosarcoma, 538-539, 539/ 
Amazon parrot, 131/ 

Amphiarthrodial joint, 19-20, 20/ 21/ 

Amputation neuroma, 518-519, 518/ 

Amyloidosis, 212-214, 214/ 216/ 
carpal tunnel syndrome and, 95, 214 
Congo red stain in, 214, 216 f 
hemodialysis and, 213, 216/ 
lytic, 213-214, 215/ 
in multiple myeloma, 485, 487/ 
osteomyelitis and, 115 
radiography in, 214£ 215/ 
synovial, 213, 216/ 

Anabolism, 82 
Anchorin, 5-6, 7/ 

Anémia 

in ankylosing spondylitis, 315-317 
in fluorosis, 157-158 
in myelofibrosis, 226 
in osteoarthritis, 254 
in scurvy, 150 

sickle cell. See Sickle cell disease 
in thalassemia, 225 

Aneurysmal bone cyst. See Bone cyst, aneurysmal 
Angiolipoma, 521, 522/ 

Angiomyoma, 524-525, 526 f 
Angiosarcoma, 489-490, 491/ 

ANKH, 294 
Ankle 

actinomycosis of, 114 f 
leiomyosarcoma of, 494 f 
lipoma of, 475/ 

localized (transient) osteoporosis of, 184/ 
osteomyelitis of, 115/ 127/ 

Ankylosing hyperostosis, 317, 317/ 318/ 
hip replacement and, 317, 31S/ 
posterior longitudinal ligament ossification with, 
317, 318/ 

Ankylosing spondylitis, 315-317, 316/ 


Ankylosis 

in rheumatoid arthritis, 282, 286/ 287/ 

314-315, 314/ 
tuberculous, 129 

Annulus fibrosus, 20-21, 20/ 21/ See also 
Intervertébral dise 

Anterior longitudinal ligament, ossification of, 

317, 317/ 

Antibodies 

collagen, 48, 50/ 
épithélial, 47 
intermediate filament, 47 
muscle, 47 
neural, 48 
vascular, 47-48 

Antigen. See also Histocompatibility antigen 
immunohistochemistry for, 47-48, 5 Of 
récognition of, 90 
Antoni A area, 520, 521/ 

Antoni B area, 520, 521/ 

Aorta, in Marfan’s syndrome, 151, 15:/ 

Apatite. See Hydroxyapatite 
Apatite crystals, 4, 6/ 

Apoptosis, 85-86, 86/ 

Apoptotic bodies, 85-86, 86/ 

Arachnodactyly, 15:/ 

Arm. See also Humérus; Radius; Ulna; Wrist 
compartment syndrome of, 93/ 

Arteriole, inflammation of, in rheumatoid 
arthritis, 285/ 

Arthritis, 232. See also Osteoarthritis; Rheumatoid 
arthritis; Septic arthritis 
chondromalacia in, 239, 241/ 
cracking in, 239, 239/ 
degenerative, 310-314 
eburnation in, 238/ 239, 239/ 
érosion in, 239, 24 Of 
extrinsic repair in, 241-242, 243/ 245/ 
fibrillation in, 238/ 239 
fibrocartilaginous tissue in, 242-244, 244 f 
ghosting in, 239-241, 241/ 
inflammatory, 280-289. See also Rheumatoid 
arthritis 

metabolic product déposition and, 289-301. 

See also spécifie crystal déposition diseases 
synovial fluid examination in. See Synovial fluid, 
examination of 
transient, 119 

intrinsic repair in, 241, 242/ 245/ 

joint shape in, 236, 238/ 

ligamentous injury in, 248-249 

loose bodies in, 245-248, 246/ 247/ 248/ 249/ 

metalloproteinases in, 244 

necrosis in, 239-241, 241/ 242/ 

noninflammatory, 254. See also Osteoarthritis 

pathophysiology of, 235-251, 238/ 

psoriatic, 289, 292/ 

subarticular cysts in, 245, 246 f 

subchondral bone injury in, 244-245, 245/ 

suppurative, 119 

synovial fluid examination in, 251, 251/ 251 1, 252 1 
synovial membrane injury in, 249-251, 249/ 

250/ 251/ 
in syphilis, 120 
tissue alterations in, 236-238 
types of, 235-236 
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Arthroscopy, infection after, 114 
Articular cartilage, 18-19, 19/ 21-27. 

See also Joint(s) 
age-related changes in, 21, 2 2f 
calcified zone of, 234, 234/ 235/ 
collagen fiber organization in, 22-25, 24f 
cracking of, 239, 239/ 
eburnation of, 238/ 239, 239/ 
érosion of, 239, 239/ 240/ 282, 287/ 
extracellular matrix of, 235, 237/ 238/ 
fibrillation of, 238/ 239, 240/ 
heterogeneity of, 234-235 
infection-related destruction of, 119, 120 f 
injury to, 238-251. See also Arthritis 
cracking in, 239, 239/ 
érosion in, 239, 239/ 240/ 
fibrillation in, 238/ 239, 240/ 
softening in, 239, 241/ 
layers (zones) of, 21-22, 23/ 
loaded/unloaded, 234-235, 236/ 
magnetic résonance imaging of, 19/ 
mechanical failure of, 26, 26 f 
mechanical properties of, 232-233, 234 f 
in osteoarthritis, 260-261, 260/ 
pannus of, 250, 250/ 
pédiatrie, 32, 35/ 

physiology of, 234-235, 234/ 235/ 236/ 237/ 238/ 
proteoglycans of, 4-5, 25-26, 25/ 235, 237/ 
repair of 

extrinsic, 241-242, 243/ 245/ 
intrinsic, 241, 242/ 243/ 245/ 
softening of (chondromalacia), 239, 241/ 
split Unes of, 22, 24 f 

tidemark (calcification front) of, 26, 26/ 27/ 234, 
234/ 235/ 

in osteoarthritis, 257-260, 259/ 
type II collagen of, 3 
ulcération of, 239, 239/ 240/ 
vertical split Unes of, 22-24, 24 f 
Artifact 

bone dust, 52, 52/ 
calcium brushite, 52, 52/ 

Aseptie necrosis, 346 

of fémoral head. See Fémoral head, osteonecrosis of 
Aspergillus infection, 134 

Assmann’s disease (myelofibrosis), 61, 226-227, 228 f 
Asteroid bodies, 334, 337/ 341/ 

Atypical mycobacterial disease, 130-132, 131/ 
Avascular necrosis, of fémoral head. See Fémoral head, 
osteonecrosis of 
Avian tuberculosis, 131/ 

Avulsion injury, 97-98, 98/ 99 f 


B 

Bacterial infection. See Infection; Osteomyelitis 
Bactériologie diagnosis, 122, 124 f 

in orthopaedic device-related infection, 328 
Bag of popcorn appearance, 146-147, 146 f 
Baker s cyst, 261, 262/ 

Banana fracture, 16 3f 
Barium sulfate, 37/ 

Batson’s plexus, 111-112,112/ 

Battered baby syndrome, 144-146 
Béais’ syndrome, 151 
Bence Jones protein, 484-485 
Bends, 345-346 

Benign fibrous histiocytoma, 431-432, 434 f. See also 
Nonossifying fibroma 
Benign tumor. See also Malignant tumor 
bone. See also spécifie tumors 
bone-forming, 364-376 
cartilage-forming, 400-417 
fibrous, 432-443 
nonmatrix-producing, 449-476 
soft tissue. See also spécifie tumors 
cartilaginous, 526-529 
fatty, 521-522 
fibrous, 506-518 
giant cell, 529-530, 530/ 
peripheral nerve, 518-521 
synovial, 498-506 
vascular, 522-525 


Beta-2 microglobulin, 90-91 
Bichat, Marie François Xavier, 2 
Biglycan, 5, 7/ 

Biofilm, 114-115 
Biopsy 

in bone tumor, 72-75, 74/ 
after imaging, 54 
in metastatic cancer, 492, 496/ 
in soft tissue tumor, 78 
Birbeck granules, 462-463, 466/ 

Bizarre parosteal osteochondromatous prolifération, 
363-364, 363/ 364/ 365/ 

Black (ultraviolet) light, 43, 46/ 

Blastomycosis, 133,136/ 

Blood culture 

in osteomyelitis, 122, 124 f 
in septic arthritis, 122 
Blood supply 
bone, 10-11, 11/ 
fémoral, 2-3, 355, 357/ 
metaphyseal, 3 7f 
periosteal, 10-11,11/ 

Blue bone, 364/ 

Blue sclerae, 143-144, 144 f 
Body mass, 142 
Bone(s), 7-18 

age-related loss of, 175-177. See also Osteopenia; 
Osteoporosis 

blood supply of, 10-11, 11/ 

cells of, 11-16. See also Osteoblast(s); Osteoclast(s); 

Osteocyte(s) 
cortex of, 7-9, 9/ 

radiographie abnormalities of, 68-69, 69/ 70 f 
creeping substitution of, 344-345, 346, 349-350, 
351/ 352/ 353, 355/ 
eut surface of, 42, 43/ 
décalcification of, 44, 47/ 
density of 

in athlete, 83-84, 84 f 
decrease in. See Osteopenia; Osteoporosis 
évaluation of, 179-180 
increase in. See Osteopetrosis 
strength and, 178-179 
diet effect on, 178 

dystrophie calcification of, 84-85, 87, 87/ 

embedding of, 45, 48/ 

examination of. See Gross examination; 

Microscopie examination 
fracture of. See Fracture (s) 
growth and development of, 29-32 
bone euff formation in, 30-32, 31/ 
cartilage calcification in, 29-30, 30 f 31 f 32/ 
cessation of, 32, 37/ 38/ 
primary spongiosa in, 32 
secondary center of ossification in, 32, 34/ 35/ 
vascular network in, 30-32, 31/ 
hypertrophy of, 83-84, 84/ 
immature (woven), 18, 18 f, 19/ 
infection of. See Osteomyelitis 
lamellar, 16-17, 16/ 

lésions of, 70-75. See also Bone tumor and spécifie 
lésions and tumors 

asymptomatic présentation of, 70, 7 2f 
clinical présentation of, 70-74 
pain with, 70-72, 73/ 
ligament insertion on, 26, 27/ 
loads on, 98, 100/ 
mature, 16-18, 16/ 17/ 
membranous, 32, 38/ 39/ 
morphologie abnormalities of, 60-65 
ostéopénie, 62-64, 63/ 64 f 
sclerotic, 61-62, 62/ 
trabecular, 64-65, 65/ 66/ 
necrosis of, 42, 44/ 84-85, 85/ See also Osteo¬ 
necrosis 
porosity of, 42 

radiographie examination of, 42, 44/ 45/ 46/ 

See also Radiography 

remodeling of, 15,15*, 16*, 17-18, 17/ 234, 

234/ 235/ 

résorption of, 12-15, 14/ 
slicing of, 42, 4 3f 
staining of. See Stain(s) 
structure of, 7-11, 7/ 8 f 9f 10/ 


Bone(s) ( Continued) 
tendon insertion on, 26 
texture of, 42 

trabecular (spongy, cancellous), 7-8, 7/ 8/ 9f 1 6f 
vs. callus, 100/ 
necrosis of, 84-85, 85/ 

radiographie abnormalities of, 64-65, 65/ 66/ 
tumors of. See Bone tumor 
turnover of, 15-16 
weight-bearing effects on, 177-178 
Bone-cartilage interface, 26, 2 7f 
Bone euff, 30-32, 31/ 33/ 

Bone cyst 

aneurysmal, 453-456 
âge and, 453-454, 456/ 
cystic spaces of, 455, 457/ 
fibrous dysplasia and, 455, 458/ 
genetics of, 455-456 

vs. giant cell reparative granuloma, 457-459 
giant cells of, 455, 457/ 458/ 
location of, 453-454, 456/ 
long bone, 454-455, 457/ 458/ 
vs. osteoblastoma, 375-376, 455 
secondary, 455, 458/ 
solid, 456-459, 458/ 459/ 
spinal, 454, 457/ 
unicameral, 453, 454/ 455/ 
âge and, 453, 453/ 
calcification in, 453, 456/ 
hemosiderin déposition in, 453, 456/ 
imaging of, 453, 454/ 455/ 
location of, 453, 453/ 

Bone dust artifact, 52, 52/ 

Bone-forming tumor. See also spécifie tumors 
benign, 364-376 
malignant, 376-388 
reactive/post-traumatic, 362-364 
soft tissue, 546-547 
Bone graft, 100-102, 103/ 104/ 

Bone infarction, 344-345, 344/ 345/ See also 
Osteonecrosis 

in décompression sickness, 346 
vs. enchondroma, 406-408 
episodic, 359 

in Gaucher’s disease, 212, 218 

in malignant tumor, 345 

radiography of, 345, 345/ 

in sickle cell disease, 64-65, 66/ 223, 345/ 

Bone island(s), 364, 365/ 366/ 
multiple, 364, 366/ 

Bone marrow, 18,19/ 
amyloidosis of, 216/ 
calcium brushite crystals of, 52, 52/ 
calcium déposition in, 344-345, 345/ 351/ 
embedding of, 48/ 

Gaucher’s disease of, 217/’ 
in hyperparathyroidism, 194-198, 198/ 
infection of. See Osteomyelitis 
in membranous lipodystrophy, 220 
in myelofibrosis, 226-227 
necrosis of, 84-85, 85/ 344, 345/ 
in oxalosis, 212 

in Paget’s disease, 168-170, 174/ 
in sickle cell disease, 225, 225/ 
in thalassemia, 225-226 
in transient osteoporosis, 183-185, 185/ 
transplantation of, in osteopetrosis, 165 
Bone matrix, 2-7 

collagens of, 2-4, 3 1, 4/ 5/ 6/ 7/ 16-17,16/ 
noncollagenous proteins of, 4-6, 6/ 
proteoglycans of, 4, 6/ 7/ 
synthesis of, 11, 1 2f 

tumor-related mineralization of, 69, 7 Of 71/ 

Bone morphogenetic protein, 90-91, 101-102 
Bone morphogenetic protein type I receptor, 526 
Bone scan. See Radionuclide scanning 
Bone tumor, 65-70, 362-388. See also spécifie tumors 
âge and, 66-67, 67* 
asymptomatic présentation of, 70 
benign. See also spécifie tumors 
bone-forming, 364-376 
cartilage-forming, 400-417 
fibrous, 432-443 
nonmatrix-producing, 449-476 



INDEX 567 


Bone tumor ( Continued) 

clinical présentation of, 70-74 
cortical appearance in, 68-69, 69 f 70 f 
family history in, 69-70, 72/ 
ground-glass appearance in, 69, 72/ 
imaging strategies in, 70-75 
malignant. See also spécifie tumor s 
bone-forming, 376-388 
cartilage-forming, 417-426 
fibrous, 443-446 
nonmatrix-producing, 478-492 
margins of, 67-68, 68/ 
matrix mineralization in, 69, 7 Of 71/ 
vs. osteomyelitis, 75, 75/ 
pain with, 70-72 
primary, 74-75 
biopsy of, 74-75 
differential diagnosis of, 75, 75/ 
follow-up for, 74, 75/ 
staging of, 74 
treatment response in, 74 
reactive/post-traumatic. See also spécifie tumors 
bone-forming, 362-364 
fibrous, 430-432 
nonmatrix-producing, 450-453 
site of, 67, 67/ 68/ 

Bone wax, in tissue, 322/ 

Bone-within-bone appearance, 61, 62/ 75/ 

Bouchard nodes, 254 

Bowing 

in juvénile Paget s disease, 172, 17 7f 
in Paget s disease, 166, 167/ 

BPOP (bizarre parosteal osteochondromatous 
prolifération), 363-364, 363/ 364/" 

Brain, in membranous lipodystrophy, 220 f 
Breast cancer, metastatic, 492 f, 493/ 

Brittle bone disease. See Osteogenesis imperfecta 
Brodie s abscess, 125, 126/ 

Brown tumor, 198, 198/ 199/ 
vs. giant cell reparative granuloma, 457-459 
Bucket-handle tear, 105-106, 106/ 

Bursa, 289 

acromial, calcifications of, 210/ 

Bursitis, 282, 287/ 289, 292/ 

Busckhe-Ollendorff syndrome, 364 
Buttock, tumoral calcinosis of, 207/ 

c 

Caffeys disease, 117-118, 118/ 
vs. juvénile Paget s disease, 171-172 
Caisson disease, 345-346, 359 
Calcaneus 

membranous lipodystrophy of, 220 f 
unicameral bone cyst in, 454 f 
Calcification 

in amyloidosis, 214 f 

in bone development, 29-30, 30 f 31/ 32/ 
bursal, 210/ 
cartilage, 29-30, 30 f 
chicken-wire, 412, 414/" 
in chondroblastoma, 410-412, 412/ 413/ 414/ 
in chondrosarcoma, 417, 418/ 420/ 421/ 
in clear cell chondrosarcoma, 424-425, 424 f 
in compartment syndrome, 9 3f 
décalcification process for, 44, 47 f 
in décompression sickness, 346 f 
dystrophie, 84-85, 87, 87/ 

in rheumatoid arthritis, 287-288, 290 f 
in enchondroma, 406-408, 408/ 409/ 
in endochromatosis, 405 
in fémoral head osteonecrosis, 349, 351/ 
in fibrous dysplasia, 436, 439/ 
in fluorosis, 157-158 

in infarcted bone marrow, 344-345, 345/ 351/ 
in injured tissue, 208/ 209/ 210/ 207 
in juxtacortical chondroma, 408, 411/ 
in lipoma, 475, 475/ 
loose body, 245-248, 247/ 

in mesenchymal chondrosarcoma, 420-421, 422/ 
in metastatic disease, 205-207, 206/ 
in multiple osteochondromas, 404 f 
in oncogenic osteomalacia, 204-205, 204/ 


Calcification ( Continued) 

in parathyroid adenoma, 206/ 
soft tissue, 205 
in lipoma, 208/ 
metastatic, 205-207, 206/ 
in rheumatoid arthritis, 208 f 
trauma-related, 207, 209/ 210/ 
tumoral, 206/ 207-210, 207/ 208/ 
in soft-tissue chondroma, 526-529, 529 f 
in synovial sarcoma, 539-540, 541/ 
tumor matrix, 69 

in unicameral bone cyst, 453, 456/ 

Calcification front. See Tidemark (calcification front) 
Calcifying aponeurotic fibroma, 514-515, 514 f 
Calcinosis, tumoral, 206/ 207-210, 207/ 208/ 

526-529 
Calcitonin, ISt 

Calcium. See also Calcification 

bone marrow déposition of, 344-345, 345/ 
daily requirement for, 190 
deficiency of. See Hypocalcemia 
excess of. See Hypercalcemia 
function of, 190 

homeostasis of, 190-192, 191/ 192/ 193/ 
on microradiography, 45-47, 50 f 
stains for, 45-47, 49/ 
supplémentai, 182-183 
Calcium brushite artifact, 52, 52/ 

Calcium hydroxyapatite, 190 
soft tissue, 293-294, 295/ 

Calcium pyrophosphate dihydrate déposition disease 
(CPPD), 293-298 
âge and, 294 

biréfringence in, 295, 297 f 

chondromucoid material in, 295-298, 297/ 

crystal shape in, 295, 297/ 299/ 

fémoral head, 296/ 

genetic factors in, 294 

giant cell reaction in, 295, 297/ 

goût and, 294, 300/ 

hemochromatosis and, 294, 296 f 

hyperparathyroidism and, 294 

hypothyroidism and, 294 

intervertébral dise, 310, 310 f 

meniscal, 295/ 297/ 

osteoarthritis and, 294-295 

patellar, 296/ 

pseudogout and, 295, 298, 298/ 
punctate calcification in, 295, 296/ 
radiography in, 295, 295/ 
refractive properties of, 297/ 299 f 
specimen radiography in, 296 f 
synovial fluid examination in, 298-299, 299/ 300 f 
Callus, 96/ 98-100, 100/ 101/ 102/ 103/ 

in subchondral insufficiency fracture, 268, 269/ 271/ 
Cambium layer, 10, 11/ 

Camurati-Engelmann disease, 173-175,179/ 
Cancellous bone. See Trabecular (spongy, cancellous) 
bone 

Candida infection, 110, 134 

Capillary (capillaries), prolifération of, 91, 91/ 

Capillary hemangioma, 498, 499/ 

Carpal bones, membranous lipodystrophy of, 220 f 
Carpal tunnel syndrome, 95-96, 95/ 96/ 
amyloid deposits in, 213, 216/ 
in rheumatoid arthritis, 282 
Cartilage, 21-27. See also Articular cartilage 
embryonic, 29, 30 f 

calcification of, 29-30, 30/ 31/ 32/ 
fibrillation of, 87-88, 87/ 
repair of, 103-104, 105/ 106/ 

Cartilage-associated protein, 5-6 
Cartilage cap, of osteochondroma, 401-402, 401/ 403/ 
Cartilage-forming tumors, 399-428. See also spécifie 
tumors 

benign, 400-405 
neoplastic, 405-417 
malignant, 417-426 

Cartilage oligomeric matrix protein, 5-6 
Cartilage rest, 408, 410 f 

Cartilaginous nodules, in osteogenesis imperfecta, 

147, 148/ 

Catabolism, 82 

Cauda equina, ischemia of, 312 


CD20, 482-483 
CD30, 482-483 
CD31, 47-48 
CD34, 47-48 
CD64, 468/ 

CD68, 467/ 

CD99, 478-479, 481/ 

Cell, 82, 82/ 

Cell linkage disorders, 162, 162/ See also Osteopenia; 

Osteopetrosis; Osteoporosis; Osteosclerosis; 
Paget s disease 

Cernent Unes, 12, 16/ 17,17/ 
in Chester-Erdheim disease, 467 f 
in fluorosis, 158-159 
in fracture, 98, 99f 
in juvénile Paget s disease, 177/" 
in Paget s disease, 170, 174/ 176/ 

Cemented implants 

bone-cement interface with, 326, 326 f 
cernent mande with, 326, 326 f 
failure of, 332, 335/ 
nonfailed, 326, 326/ 

Ceramic implant, 323-324 
failure of, 335-336, 341/ 

Cérébral atrophy, 220/ 

Cervical spine 

chordoma of, 426 f 
osteochondroma of, 402/ 
rheumatoid arthritis of, 314-315, 314 f, 315/ 
spondylosis of, 311-312, 313/ 

Charcot’s joint, 120, 254, 255/ 
radiography in, 79, 79 f 
radionuclide imaging of, 57/ 

Charcot s spine, 312-314, 314/ 

Cheselden, William, 2, 2/ 

Chester-Erdheim disease, 463, 466/ 467/ 

CHH11, 455-456 

Chicken-wire calcification, 412, 414 f 
Chief cells, 195/ 

Child abuse, 96 
Children 

dysplasia epiphysealis hemimelica in, 404-405, 

404/ 405/ 

enchondromatosis in, 404£ 405, 405/ 406£ 407 f 
Ewing’s sarcoma in, 478-481. See also Ewing’s 
sarcoma 

fibrous dysplasia in, 432-438, 435/ 
Legg-Calvé-Perthes disease in, 355-358, 357/ 
metastatic cancer in, 492 
nonossifying fibroma in, 430-432, 43 Of 431/ 

432/ 433/ 

osteochondroma in, 400-402. See also 
Osteochondroma(s) 
osteomyelitis in, 110, 111/ 
periosteal desmoid tumor in, 430, 430 f 
rhabdomyosarcoma in, 537-539, 538/ 539/ 
septic arthritis in, 118-119, 119/ 120/ 

Chloroma, 484 
Cholestérol 

in fibrous dysplasia, 438/ 
in hyperlipidemia, 219-220, 219/ 

Chondro-osseous dysplasia, 158-159,159/ 160/ 
classification of, 159, 160 f 
Chondroblast, 6-7, 15t 
Chondroblastoma, 67, 67/ 408-413 
âge and, 410-412, 412/ 
cellular features of, 412, 413/ 
chicken-wire calcification in, 412, 414 f 
curettage of, 412, 413, 413/ 
cystic, 412-413 
locations of, 410-412, 412/ 
metastatic, 413, 414/ 
radiography of, 68 f 412/ 

Chondrocalcinosis, 78, 78 f 

in CPPD, 295-298. See also Calcium pyrophosphate 
dihydrate déposition disease (CPPD) 
in hemochromatosis, 222, 222/ 

Chondrocyte(s), 21-22, 23/ 
in arthritis, 84-85, 86/ 
in clear cell chondrosarcoma, 423/ 
clones of, 241, 242/ 
in enchondromatosis, 406/ 
focal prolifération of, 241, 242/ 
ghost outlines of, 239-241, 241/ 
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Chondrocyte (s) ( Continued) 

metabolic functions of, 233, 234/" 
necrotic, 84-85, 86 f 239-241, 241/ 242/ 
in ochronosis, 267/ 
in Ollier s disease, 405, 406/ 
in osteoarthritis, 259/ 260-261, 260/ 
in osteochondroma, 403/ 404 f 
reparative, 103, 105/ 
stress effects on, 235, 238/ 

Chondroitin sulfate, 4, 6/ 

Chondrolipoma, 521, 522/ 

Chondrolysis, in slipped capital fémoral epiphysis, 
274-275 

Chondroma. See also Enchondroma 
vs. CPPD déposition disease, 298 
juxtacortical, 408, 411/ 
phalangeal, 451/ 
radiography in, 67, 67/ 
soft-tissue, 526-529, 529/ 

Chondromalacia, 239, 241/ 

Chondromatosis (chondrometaplasia), synovial, 
498-501, 500/ 501/ 502/ 

Chondromyxoid fibroma, 413-416, 415/ 
âge and, 413-414, 414/ 
imaging of, 414, 415/ 
location of, 413-414, 414 f 
Chondro-osseous dysplasia, 

Chondrosarcoma 
clear cell, 421-425 
giant cells in, 424^ 425 
radiography of, 423/ 424-425, 424 f 
S-100 positivity in, 423/ 425 
vs. CPPD déposition disease, 298 
in enchondroma, 408, 410 f 
vs. enchondroma, 405-406, 408 
family history in, 69 
vs. fibrous dysplasia, 436, 439 f 
fibular, 46/ 

intramedullary, 417-420 
âge and, 417, 417/ 
dedifferentiation of, 419-420, 421/ 
ofdigit, 418-419, 421/ 
vs. enchondroma, 418-419 
grade I, 417, 420/ 421/ 
grade II, 417-418, 418/ 420/ 
grade III, 418, 421/ 
imaging of, 417, 418/ 
location of, 417, 417/ 418/ 
metastasis with, 419 
mesenchymal, 420-421, 422/ 549 
myxoid, extraskeletal, 547-549, 549^ 
radiography of, 71/ 72/ 
vs. Schmorls node, 308-310 
vs. soft-tissue chondroma, 526-529 
specimen radiography in, 46 f 
Chordae tendineae, in Hurler s syndrome, 154 f 
Chordoid tumor, 547-549, 549/ 

Chordoma, 425-426, 427/ 
âge and, 425, 425/ 
chondroid, 426, 428 f 
imaging of, 425, 426 f 
location of, 425, 425/ 
vs. notochordal rest, 426, 428/ 

Chromosomes, 48 
abnormalities of, 48 
translocation of, 48 
Chronic osteomyelitis, 114-115, 115/ 

Chronic récurrent multifocal osteomyelitis, 115-116,116 f 

Claudication, pseudo-(neurogenic), 312 

Clavicle 

chronic récurrent multifocal osteomyelitis of, 
115-116, 116/ 

congénital pseudoarthrosis of, 105/ 
formation of, 32 
in hyperparathyroidism, 196/ 
osteomyelitis of, 112/ 

Clear cell chondrosarcoma, 421-425 
giant cells in, 424£ 425 
radiography of, 423/ 424-425, 424/" 

S-100 positivity in, 423/ 425 
Clinical présentation, 70-74 
Clivus, chordoma of, 428/ 

CMP, 7/ 

Coccidioidomycosis, 133-134,136/ 


Coccyx, chordoma of, 426 f 
Codmans triangle, 69, 69/ 381-382, 382/ 

COI, 294 

Collagen, 2-3, 3 t, 6f 

antibodies against, 48, 50 f 
in desmoplastic fibroma, 441-443, 443/ 
fiber-forming, 4 
hyalinization of, 87-88, 87/ 
meniscal, 104-105 
organ distribution of, 5 f 

in pigmented villonodular synovitis, 504-505, 50 7f 
staining of, 45-47, 48 f 
structure of, 2-3, 5/ 
synthesis of, 3-4, 4 f 

disorders of, 142-152, 142/ See also Ehlers- 
Danlos syndrome; Marfan’s syndrome; 
Osteogenesis imperfecta; Scurvy 
type I, 2-3, 3 1, 5/ 
defects in, 3 
type II, 3, 3 1, 5/ 7/ 
type III, 3 1, 5/ 
type IX, 2-3, 3 1, 7/ 
type X, 2-3, 3 1 
type XI, 2-3, 3 1 
Collagen C-telopeptide, 15-16 
Collagen N-telopeptide, 15-16 
Collagénases, 244 

Collagraft, foreign body reaction to, 322/ 

Colonie polyps, 369-370 
Compartment syndrome, 92-94, 93/ 94/ 
Complément, 88, 90 
Computed tomography (CT), 54, 55-57 
advantages of, 56 
atténuation values in, 56, 56 f 
in bizarre parosteal osteochondromatous 
prolifération, 364 f 
in bone sarcoma, 55/ 
in cervical rheumatoid arthritis, 315/ 
in chondromyxoid fibroma, 414, 415/ 
in chondrosarcoma, 418/ 
in clear cell chondrosarcoma, 424 f 
contrast for, 56 
in cranial myofibroma, 516/ 
disadvantages of, 56 

in dysplasia epiphysealis hemimelica, 405/ 
in fémoral head osteonecrosis, 358, 358/ 
in hemangioma, 56 f 65 
Hounsfield units in, 56, 56/ 
of juxtacortical chondroma, 411/ 
in localized monomelic medullary osteosclerosis, 
173, 178/ 

in membranous lipodystrophy, 220/ 
in metastatic cancer, 74 
in multiple osteochondromas, 404 f 
in myofibroma, 516 f 
in nonossifying fibroma, 431/ 
in ossification of posterior longitudinal ligament, 
318/ 

in osteoblastoma, 374-375, 376/ 
in osteochondroma, 402/ 
in osteoid osteoma, 7 3f 
in osteosarcoma, 381/ 387/ 391/ 395/ 
in pigmente d villonodular synovitis, 

502-504, 504/ 
quantitative, 180 

in radiation-induced sarcoma, 398/ 
in sarcoidosis, 135/ 
in skull fracture, 56 f 
in synovial sarcoma, 539/ 
in systemic mastocytosis, 469/ 
three-dimensional, 56-57, 56 f 
Congénital contracturai arachnodactyly, 151 
Congénital dislocation of hip, 275-277, 276/ 
Connective tissue disease, osteonecrosis in, 346 
Cortical bone, 7-9, 9f 

radiographie abnormalities of, 68-69, 69f 70 f 
Cortical hyperostosis, infantile, 117-118, 118 f 
Corticosteroids 

deposits of, in rheumatoid arthritis, 288, 291/ 
fémoral head osteonecrosis and, 346, 347, 358 
Cortisone, osteonecrosis and, 34S/ 359 
Costochondral junction 
chondrosarcoma of, 418/ 
fracture of, 103/ 


Coxa vara, 274-275, 274/ 275/ 

CPPD. See Calcium pyrophosphate dihydrate 
déposition disease (CPPD) 

Cracking, of articular cartilage, 239, 23 9f 
Cranial sutures, 21, 22/ 

Cranium. See Skull 

Créatinine phosphokinase, in ankylosing spondylitis, 
315-317 

Creeping substitution, 344-345, 346, 349-350, 351/ 
352/ 353, 355/ 

Crescent sign, 353/ 

CRMO (chronic récurrent multifocal osteomyelitis), 
115-116,116/ 

Cruciate ligament, rupture of, 94 
Cryptococcosis, 134 
Crystals 

calcium brushite, 52, 52/ 

CPPD, 222/ 295, 297/ 299/ 
monosodium urate, 291, 292/ 293/ 294 f 
in osteoarthritis, 87 
oxalic, 212, 21 3f 
sodium urate, 299, 300 f 
in synovial fluid, 291, 294/ 298-299, 299/ 300/ 
CSF1, 505-506 

CT. See Computed tomography (CT) 

Culture, microbiological, 122, 124£ 328 
Cyst(s) 

Baker s, 261, 262/ 
bone. See Bone cyst 
echinococcal (hydatid), 138/ 139/ 134 
fibrous dysplasia and, 435-436, 438/ 
ganglion, 451-453, 452/ 453/ 530, 531/ 
parameniscal, 530, 531/ 532/ 
vertébral, 530, 532/ 
inclusion, epidermoid, 450-451, 450/ 
in osteoarthritis, 245, 246 f 
popliteal, 282, 287/ 292/ 
subarticular, 245, 246/ 

Cystic angiomatosis of bone. See Skeletal 

hemangiomatosis/lymphangiomatosis 
Cystinosis, 205 

Cytogenetics. See Genetics/genetic markers 
Cytokeratin, 47 

in epithelioid sarcoma, 547/ 
in notochordal rest, 428/ 
in osteofibrous dysplasia, 440-441, 442/ 
in synovial sarcoma, 541/ 

Cytokines 

in inflammation, 90-91, 90/ 
in osteoarthritis, 86 


D 

Dactylitis 

in sarcoidosis, 132-133 
Décalcification, tissue, 44, 47/ 

Décompression sickness, 345-346, 34(/ 359 
Decorin, 5, 7/ 

Degeneration, 82 
pathologie, 236 
Degenerative change, 82 
Degenerative joint disease. See Osteoarthritis 
Degenerative spondylolisthesis, 311, 31:/ 
Demeclocycline, 50-51, 51/ 

Density. See Bone(s), density of 
Dentin, in osteogenesis imperfecta, 143-144, 14^ 
Dentin matrix protein 1, 12 
Dentinogenesis imperfecta, 143-144, 144 f 
Déposition diseases, 212-220. See also spécifie 
diseases 

DeQuervains disease, 95-96, 498, 499/ 

Dermatan sulfate, 5, 152 
Desmin, 47 

Desmoid tumor, 508-511, 511/ 512/ 

Desmoplastic fibroma, 441-443, 442£ 443/ 
Diabètes 

neuropathy in, 79 
osteoarthritis in, 254, 255/ 
osteomyelitis in, 126/ 

Diapedesis, 88, 88/ 

Diaphysis, 9, 10/ 
fémoral, 7/ 10/ 
fêtai, 30/ 31/ 
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Diet, bone effects of, 178 

Differential interférence contrast (DIC), 51-52, 51/ 
Diffuse idiopathic skeletal hyperostosis (DISH). See 
Ankylosing hyperostosis 
Digital photography, 42-43, 46 f 
l,25-Dihydroxyvitamin-D3, 15£ 

Disappearing bone disease, 186-187, 18 6f 
Disc. See Intervertébral dise 

DISH (diffuse idiopathic skeletal hyperostosis). See 
Ankylosing hyperostosis 
Dissecting microscope, 42, 43/ 

Dissecting (tunneling) résorption, 190/ 194-198, 
197/ 198/ 

Drug user, infection in, 110-111, 111/ 123/ 

Dual x-ray absorptiometry (DXA), 180 
Dupuytren exostosis, 362-363, 363/ 

Dupuytrens contracture, 511-514, 513/ 514 f 
Dwarfism, 158-159, 159/ 160/ 
in Hurler s syndrome, 155 
in Morquio’s syndrome, 152 
radiologie classification of, 159, 160/ 

DXA (dual x-ray absorptiometry), 180 
Dysplasia epiphysealis hemimelica, 404-405 
Dystrophie calcification, 84-85, 87, 87/ 
in rheumatoid arthritis, 287-288, 290/ 


E 

Eburnation, 239, 239 f 254-255, 256/ 260-261, 

260/ 

Echinococcal cyst, 134, 138/ 139/ 

EDAX (energy dispersive analysis), 334-336, 341/ 
Ehlers-Danlos syndrome, 142/ 149-150 
classification of, 150£ 
genetic mutations in, 150, 150t 
osteoporosis in, 150, 15C )f 
spinal curvature in, 150, 151/ 

Eicosanoids, 86 

Elastic cartilage, 26-27, 28/ 

Elastofibroma, 517-518, 517/ 

Elbow 

chondromyxoid fibroma of, 415/ 
compartment syndrome of, 9 3f 
in dermatomyositis, 295/ 
melorheostosis of, 62/ 
osteopetrosis-related fracture of, 163/ 
rheumatoid arthritis of, 288/ 
traumatic arthritis of, 246 f 
tumoral calcinosis of, 206 f 
Elderly persons 
fracture in, 96, 96 f 
osteomyelitis in, 111-112, 112/ 
osteoporosis in, 177, 178, 180-181, 181t, 183/ 
Electrophoresis, in multiple myeloma, 

484-485, 486/ 

Eléphant man, 521 
Embedding, 45, 48/ 

Embryonal rhabdomyosarcoma, 537, 538-539, 539/ 
vs. Ewing s sarcoma, 480 
Enchondroma, 405-408 
âge and, 405, 408/ 
calcification in, 406-408, 409/ 
vs. chondrosarcoma, 405-406 
chondrosarcoma in, 408, 410/ 
vs. epidermoid inclusion cyst, 450-451, 451/ 
vs. intramedullary chondrosarcoma, 418-419 
locations of, 405, 408/ 
radiography of, 408/ 409/ 

Enchondroma protuberans, 406 
Enchondromatosis, 405, 407/ 
chondrocytes in, 405, 406/ 

Maffuccis syndrome and, 405, 407/ 524, 525/ 
malignant transformation in, 405 
radiography of, 405, 406/ 

Endochondral ossification, 32, 3 3f 
in dwarfism, 158 
in hypophosphatasia, 156, 157/ 
loose body, 245-248, 248/ 
in mucopolysaccharidoses, 152 
in Ollier s disease, 405 
in osteochondroma, 403/ 
in osteochondrosis, 310-311, 311/ 
osteophyte, 257, 258/ 


Endoplasmic réticulum, 82/ 

Endothélial tumors, 487-489. See also Hemangioma 
poorly differentiated, 489-490, 491/ 
well-differentiated, 487-489, 489/ 490/ 

Energy dispersive analysis (EDAX), 334-336, 341/ 
Enostosis, solitary, 364, 365/ 366/ 

Enterococcus, 111-112 
Eosinophilia, in chondroblastoma, 41 3f 
Eosinophilie cytoplasmic inclusions, in rheumatoid 
arthritis, 281-282, 28 3f 
Eosinophilie granuloma, 461-463, 465/ 466/ 
âge and, 462, 463/ 

Birbeck granules in, 462-463, 466/ 
vs. Brodie’s abscess, 125 
imaging of, 462, 464/ 
location of, 462, 463/ 

Eosinophilie viral inclusions, in Pagets disease, 16 9f 
Epidermoid carcinoma, osteomyelitis and, 115,115/ 
Epidermoid inclusion cyst, 450-451, 451/ 
differential diagnosis of, 450-451, 451/ 

Epiphyseal scar, 7 f 32, 38/ 

Epiphysis, 9, 10/ 35/ 36/ 
in dwarfism, 159, 160/ 
fémoral, 2-3, 10/ 86/ 
fêtai, 32, 32/ 33/ 400/ 
in hemophilia, 30C )f 
in hypophosphatasia, 156, 156£ 157/ 
in Legg-Calvé-Perthes disease, 355-358, 358/ 
osteochondroma of, 404-405, 404£ 405/ 
in osteogenesis imperfecta, 147-148, 147£, 

148/ 149 

in vitamin A intoxication, 20C )f 
Episodic infarction, 359 
Epithelial membrane antigen, 47 
Epithelioid cells 

in adamantinoma, 447/ 448/ 
in synovial sarcoma, 541/ 

Epithelioid hemangioma, 524, 525/ 

Epithelioid sarcoma, 546, 546/ 547/ 

Erlenmeyer flask deformity 

in Gaucher s disease, 216-218, 217/ 
in osteopetrosis, 162, 162/ 163, 164/" 

Erosion, articular cartilage, 239, 239/ 24C/ 

282, 287/ 

Erythrocyte 
sickle, 225, 225/ 

in vitamin C deficiency, 151, 151/ 

Erythrocyte sédimentation rate, in ankylosing 
spondylitis, 315-317 
Escherichia coli, 112-113 
Estrogen receptor, 492/ 493/ 

EUS, 542 

Evans tumor, 542, 544/" 

Ewing s sarcoma, 478-481, 479 f 
âge and, 478, 478/ 

CD99 antibody positivity in, 478-479, 481/ 

differential diagnosis of, 480 

genetics of, 479-480 

glycogen in, 478-479, 480/" 

imaging of, 478, 478/ 479/ 

location of, 478, 478/ 

metastatic, 480-481 

onion skin appearance in, 478, 479/ 

EWSR1, 479-480 
Examination methods 
artifacts and, 52, 52/ 
dissecting microscope for, 42, 43/’ 
fluorescence labeling for, 50-52, 51/ 
frozen section for, 52, 52/ 
genetic markers for, 48-50 
immunohistochemical staining for, 47-48, 50 f 
microscopie, 43-52 

tissue décalcification for, 44, 4 7f 
tissue fixation for, 43-44 
tissue préparation for, 43-45 
tissue washing for, 44-45 
photographie, 42-43, 46/ 
radiographie, 42, 44 f 45/ 46/ 
soft tissue dissection for, 42, 42/ 
specimen cutting for, 42, 43/ 
staining for, 45-52. See also Stain(s) 
visual, 42, 43/ 

Exophiala jeanselmei infection, 134 
Exostosin, 402-404 


Exostosis 

cartilage-capped, 67 

osteocartilaginous. See Osteochondroma 
subungual, 362-363, 363/ 

EXT1, 402-404 
EXT2, 402-404 

Extensor pollicis tendon, epithelioid sarcoma of, 546/" 
Extra-abdominal fibromatosis, 508-511, 511/ 5E 2f 
Extracellular matrix 
injury to, 87-88, 87/ 
mechanical properties of, 235, 237/ 238/ 
Extraskeletal myxoid chondrosarcoma, 547-549, 549/ 
Extraskeletal osteosarcoma, 546-547, 548 f 

F 

Facial bones 
formation of, 32 
osteoma of, 369, 370/ 

Paget s sarcoma of, 386-388 
Factor 

beta-2 microglobulin, 90-91 

bone morphogenetic protein, 90-91, 101-102 

Hageman, 88 

insulin-like growth, 90-91 
interleukin-1, 90-91 
platelet-derived growth, 90-91 
transforming growth, 90-91 
tumor necrosis, 90-91 
Factor VIII, 47-48 

False joint (pseudoarthrosis), congénital, 102-103, 
104/ 105/ 

Familial adenomatous polyposis, 511 
Familial oxalosis, 212, 212/ 

Family history, tumors and, 69-70 
Fanconi s syndrome, 205 
F AP, 511 

Fasciitis, nodular, 515, 516 f 
Fat embolization, 102, 104/ 

Fat necrosis, 84-85, 85/ 101/ 344, 344/ 349-350, 352/ 
FBN1, 151 
Fémoral condyle 

articular cartilage of, 23/ 

bone island of, 366 f 

fracture of, 55/ 

giant cell tumor of, 69/ 

subchondral fracture of, 268-269, 270 f 

Trevor s disease of, 405/ 

Fémoral head 

age-related changes in, 22/ 
amyloidosis of, 215/ 
avulsed specimen of, 37/ 
blood supply to, in children, 355, 357/ 
bone island of, 365/ 

calcium pyrophosphate dihydrate déposition 
in, 296/ 

cartilage rest of, 408, 410/ 
episodic infarction of, 359 
fibrocartilaginous tufts of, 244 f 
Gaucher s disease of, 217/ 
juvénile rheumatoid arthritis of, 291/ 
osteoarthritis of, 256 f, 258 f, 264 f, 271/ 
osteonecrosis of, 346-348 

computed tomography in, 358, 358/ 
fémoral neck fracture and, 348 
in Gauchers disease, 216, 217/ 
graft treatment of, 103/ 
idiopathic (nontraumatic, primary), 358-359 
diagnosis of, 358-359, 358/ 
etiology of, 359 

in Legg-Calvé-Perthes disease, 355-358, 

357/ 358/ 

magnetic résonance imaging in, 358-359 
osteoarthritis-related, 347, 350/ 
radionuclide imaging in, 350, 352/ 358 
stage I of, 348-349, 350/ 357 1 
stage II of, 349-355, 351/ 352/ 357 1 
stage III of, 350-355, 353/ 355/ 357 1 
stage IV of, 353-355, 355/ 356/ 357 1 
staging of, 348-355, 357£ 
osteophyte of, 238/ 
osteosarcoma of, 356/ 

Paget s disease of, 167/ 168/ 
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Fémoral head ( Continuéei) 
rheumatoid arthritis of, 282/ 
screw track in, 323/ 
specimen radiography of, 44 f 
subchondral fracture of, 266-269, 267/ 268/ 269/ 
Fémoral neck 
abscess of, 126/ 
exostoses of, 403/ 
fracture of, 181/ 347-348, 350/ 
synovial sarcoma of, 539 f 54C )f 
Fémur. See also Fémoral head 
abscess of, 126/ 
amyloidosis of, 215/ 
aneurysmal bone cyst of, 45 7f 
benign fibrous histiocytoma of, 434/ 
blood supply to, 2-3 
bony spur of, 97-98 
calcification in, 209/ 

Camurati-Engelmann disease of, 174-175, 17S/ 

Chester-Erdheim disease of, 467/ 

chondrosarcoma of, 407/ 42 Of, 421 f 42 2f 

in congénital syphilis, 121/ 

desmoid tumor of, 430/" 

diaphysis of, 7/10/ 

echinococcal cyst of, 138/ 139/ 

in Ehlers-Danlos syndrome, 150 f 

enchondroma of, 409/ 

éosinophilie granuloma of, 464 f 

epiphysis of, 2-3, 10/ 

fêtai, 30/ 32/ 33/ 

fibromyxoma of, 416/ 

fibrosarcoma of, 444/ 1 

fibrous dysplasia of, 435/ 440/ 

Gaucher s disease of, 216-218, 217/ 
giant cell tumor of, 471/ 

Gorham’s massive osteolysis of, 186/ 

growth plate of, 1 Of, 37f 

in juvénile Paget s disease, 177/ 

juxtacortical chondroma of, 411/ 

linear calcification in, 346 f 

lipid granulomatosis of, 467 f 

loading conditions of, 9f 

malignant fibrous histiocytoma of, 68/ 445/ 

metaphysis of, 2-3, 10 f 

in Morquio’s disease, 155/ 

myelomeningocele-related fracture in, 94, 91 f 

myofibrosarcoma of, 54:/ 

nonossifying fibroma of, 431/ 432/ 

ossifying fibromyxoid tumor of, 544 f 

osteoblastoma of, 379/ 

osteochondroma of, 401/ 

osteogenesis imperfecta of, 146£ 148 f 

osteoid osteoma of, 372/ 

osteomyelitis, 120 f 

osteomyelitis of, 112/ 125/ 

osteopathia striata of, 368/ 

osteopetrosis of, 164/" 

osteoporosis of, 181/ 

osteosarcoma of, 69 f 75/ 381/ 382/ 383/ 385/ 386/ 
389/ 392/ 395/ 

Paget s disease of, 62/ 65/ 168,171/ 173/ 177/ 
periosteal desmoid tumor of, 430 
polyostotic fibrous dysplasia of, 440/ 
pseudotumor of, 301/ 
rickets of, 204 f 
in scurvy, 151/ 152/ 
secondary center of ossification of, 34 f 
septic arthritis of, 119/ 
shepherd’s crook deformity of, 434-435, 435/ 
in sickle cell disease, 225/ 
spindle-cell sarcoma of, 421/ 
synovial chondromatosis of, 501/ 
trabeculae of, 7f 9f 
transient osteoporosis of, 185/ 
tumor vs. marrow of, 70 f 
unicameral cyst of, 455/ 
in vitamin A intoxication, 200 f 
Fibers of Sharpey. See Sharpey’s fibers 
Fibrillation, of articular cartilage, 238/ 239, 240/ 
Fibrillin-1, 151 

Fibrinous loose (rice) bodies, 248, 285/ 

Fibro-osseous dysplasia/lesion. See Fibrous dysplasia 
Fibroblast, 6-7, 91, 91/ 

Fibroblast growth factors, 16£ 


Fibrocartilage, 26-27 

reparative, 241-244, 243/ 244/ 

Fibrocartilaginous mesenchymoma, 439/ 
Fibrocartilaginous metaplasia, 26-27, 28/ 
Fibrodysplasia (myositis) ossificans progressiva, 
525-526, 527/ 

Fibrolipomatous hamartoma, 521 
Fibroma 

calcifying aponeurotic, 514-515, 514 f 
chondromyxoid, 413-416, 415/ 
âge and, 413-414, 414/ 
imaging of, 414, 415/ 
location of, 413-414, 414 f 
desmoplastic, 441-443, 442/ 443/ 
nonossifying. See Nonossifying fibroma 
ossifying (osteofibrous dysplasia), 438-441, 441/ 
442/ 

adamantioma and, 441 
tendon sheath, 507, 509/ 510/ 

Fibromatosis, 507-515 
aggressive, 508-511, 511/ 512/ 
aponeurotic, juvénile, 514-515, 514 f 
extra-abdominal, 508-511, 511/ 512/ 
palmar, 511-514, 513/514/ 
plantar, 514 
Fibromodulin, 5, 7/ 

Fibromyxoid sarcoma, low-grade, 542, 544/" 
Fibromyxoma, 416-417, 416/ 

Fibronectin, 5-6, 7/ 

Fibrosarcoma, 443-444, 444 f, 445/ 
âge and, 443, 443/ 
differential diagnosis of, 444 
herringbone pattern in, 444, 444£ 

542, 542/ 

imaging of, 443-444, 444 f 
location of, 443, 443/ 
soft tissue, 541-542, 542/ 

Fibrosis 

in melorheostosis, 366 
peritrabecular, 194, 197/ 

Fibrous cortical defect. See Nonossifying fibroma 
Fibrous dysplasia, 432-438 
âge and, 435/ 

aneurysmal bone cyst and, 455, 458 f 

bone spiculés in, 436, 438/ 

cartilaginous areas in, 436, 439/ 

cementicle-like structure in, 436, 439 f 

craniofacial, 432-434, 435/ 

cystic changes in, 436, 438 f 

fracture in, 434-435, 435/ 436, 439/ 

ground-glass appearance in, 435, 436/ 437/ 

imaging of, 435, 436/ 437/ 

location of, 432-434, 435/ 

osteoclastic résorption in, 436, 439/ 

vs. osteofibrous dysplasia, 441 

polyostotic, 69-70, 436-438, 440/" 

radiography in, 69, 72/ 

ofrib, 435-436, 437/ 

sarcomatous transformation in, 436 

shepherd’s crook deformity in, 434-435, 435/ 

specimen radiography in, 437/ 

storiform pattern in, 436, 439/ 

Fibrous histiocytoma 

benign, 43 Of, 431-432, 434£ See also Nonossifying 
fibroma 

malignant, 444-446 

radiography in, 68 f 444-445, 445/ 
soft-tissue, 534-535, 534 f 
storiform pattern in, 445-446, 446£ 

534, 534/ 

Fibrous tumor. See also spécifie tumors 
bone 

benign, 432-443 
malignant, 443-446 
reactive/post-traumatic, 430-432 
soft tissue 

benign, 506-518 
malignant, 534-535 
Fibroxanthoma, 431-432, 434 f 
Fibula 

adamantinoma of, 446 
chondromyxoid fibroma of, 415/ 
chondrosarcoma of, 46/ 
congénital pseudoarthrosis of, 104 f 


Fibula ( Continued) 
enchondroma of, 409/ 

Ewing s sarcoma of, 479/ 
lipoma of, 475/ 

membranous lipodystrophy of, 220 f 
nonossifying fibroma of, 433/ 
osteochondroma of, 72 f 
osteofibrous dysplasia of, 438-441 
osteogenesis imperfecta of, 145/ 147/ 

Paget s disease of, 167/ 
unicameral bone cyst in, 455/ 

Finger. See also Phalanges 
trigger, 95-96, 96/ 

FISH, 48-49 

Fixation, tissue, 43-44, 45 
Flame edge, in Paget s disease, 62/ 

Flexion contracture, 93/ 

Florid reactive periostitis, 362, 362/ 

Fluorapatite, 157 

Fluorescence in-situ hybridization (FISH), 48-49 
Fluorescence labeling, 50-52, 51/ 

Fluorescent stain, 48 
Fluoride 

normal levels of, 157-158 
in osteoporosis, 158-159, 158/ 159/ 

Fluorosis, 61, 157-158, 158/ 159/ 

Foot 

bone islands in, 368/ 
calcifying aponeurotic fibroma of, 514 f 
giantism of, 523 f 
goût of, 78/ 
hallux rigidus of, 257/ 
hallux valgus of, 255-257, 257/ 
infarction in, 344/ 1 
lipoma of, 476/ 
melorheostosis of, 368 f 
membranous lipodystrophy of, 220 f 
Morton’s neuroma of, 519-520, 519/ 520/ 
osteoblastoma of, 379/ 
osteoid osteoma of, 373/ 
osteomalacia of, 201/ 
osteomyelitis of, 115/ 
phleboliths in, 525/ 
plantar fibromatosis of, 514 
reflex sympathetic atrophy of, 64/" 
transient osteoporosis of, 184 f 
Forearm. See Radius. Ulna 
Foreign body reaction, 322, 324, 325/ 
to Collagraft, 322/ 
to Gortex fibers, 322/ 
implant-related, 334, 338/ 

Forestier s disease. See Ankylosing hyperostosis 
Formalin, 44 
Fracture(s), 96-98 

avulsion, 97-98, 98/ 99/ 

banana, 16:/ 

cernent Unes in, 98, 9 9f 

comminuted, 99 

complications of, 102 

compound, 99 

compressive, 98, 100 f 

differential diagnosis of, 99-100, 103/ 

echinococcal cyst and, 139/ 

in elderly patients, 96, 96 f 

fat embolization with, 102, 104/ 

fémoral condyle, 55/ 

fémoral neck, 181/ 347-348, 350/ 

in fibrous dysplasia, 434-435, 435/ 436, 439/ 

helical, 98,100/ 

in hemangiopericytoma, 491/ 

hemorrhage with, 99, 101/ 102/ 

humerai, 482/ 491/ 

meningomyelocele-related, 96, 97/ 

metatarsal, 201/ 

micro-, 97, 97/ 

multiple, 102 

necrosis with, 99,101/ 102/ 
in non-Hodgkins lymphoma, 482/ 
nonaccidental, 96 
nonunion of, 99, 101/ 113/ 
oblique, 98,100/ 
odontoid, 144 

in osteogenesis imperfecta, 143, 143/ 144, 145/ 
146/ 147, 147/ 147£ 
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Fracture(s) ( Continued) 

in osteomalacia, 201, 201/ 202/ 
osteomyelitis and, 113, 113/ 
in osteopetrosis, 98,162, 163/ 
in osteoporosis, 178, 182/ 
in Paget s disease, 98, 166 
pathologie, 96-97 

in fibrous dysplasia, 434-435, 435/ 

436, 439/ 

in myeloma, 484-485 
in nonossifying fibroma, 432 f 
radiography of, 68/ 69/ 71/ 
pelvic, 97-98, 98/ 
pseudoarthrosis after, 102 
repair of, 98-102, 100/ 

callus with, 98-100, 100/ 101/ 102/ 103/ 

268, 269/ 271/ 
grafts in, 100-102, 103/ 104/ 
rib, 202/ 
sesamoid, 101/ 
simple, 99 

stress, 63, 64/ 97, 98/ 201 
subchondral, 96, 96/ 
fémoral condyle, 268-269, 270/ 
fémoral head, 266-269, 267/ 268/ 269/ 
270-273, 271/ 272/ 
tibial, 113/ 

necrosis with, 344/ 1 
trabecular abnormality in, 65 
transverse, 10 Of 
Fracture line 

in microfracture, 97f 
in scurvy-related fracture, 152/ 
in stress fracture, 98/ 

in subchondral insufficiency fracture, 268, 26 9f 
Freiberg s disease, 346-347, 348/ 

Frozen section, 52, 5 2f 

for orthopaedic device-related infection, 328-329, 
329/ 

polymethylmethacrylate in, 334-335, 339/ 

Fungal infection, 133-134, 136/ 137/ 


G 

Ganglion cyst, 451-453, 452/ 453/ 530, 531/ 
parameniscal, 530, 531/ 532/ 
vertébral, 530, 532/ 

Gardner’s syndrome, 511 
osteoma in, 369-370 
Gastric cancer, metastatic, 49:/ 

Gaucher s cells, 218, 218/ 

Gaucher s disease, 64, 214-218, 217/ 218/ 

Erlenmeyer flask appearance in, 217/ 
infarction in, 218, 218/" 
osteomyelitis in, 126-127, 218, 218/ 
specimen radiography in, 217/ 
types of, 214 
Gelatinases, 244 

Generalized osteoporosis. See Osteoporosis, 
generalized 

Genetics/genetic markers, 48-50 
in aneurysmal bone cyst, 455-456 
in calcium pyrophosphate dihydrate déposition 
disease, 294 

in Camurati-Engelmann disease, 173-174 
in Ehlers-Danlos syndrome, 150, 150£ 
in Ewing s sarcoma, 479-480 
in Gaucher s disease, 214 
in hemochromatosis, 221 
in hypophosphatémie rickets, 205 
in inflammatory spondyloarthropathy, 315 
in Lesch-Nyhan syndrome, 293 
in osteopetrosis, 164-165 
in Paget s disease, 166-167 

in parosteal, low grade (juxtacortical) osteosarcoma, 
385 

in pigmented villonodular synovitis, 

505-506 

in sickle cell disease, 222 
in tumoral calcinosis, 207 
Genu varus deformity, 254/ 1 
Ghost, cellular, 84, 85/ 

Ghosting, in arthritis, 239-241, 241/ 


Giant cell(s) 

in aneurysmal bone cyst, 455, 457/ 458 f 
in bone infarction, 344 f 
ofbrown tumor, 198/ 199/ 
in calcifie tendinitis, 209/ 
in chondroblastoma, 413/ 
in chondromyxoid fibroma, 414-415, 415/ 
in clear cell chondrosarcoma, 424 f, 425 
in CPPD, 295, 297/ 
in éosinophilie granuloma, 465/ 
in fat necrosis, 101/ 
in fracture, 101/ 
in goût, 291, 293/ 294/ 
in malignant fibrous histiocytoma, 534/ 
in oxalosis, 213/ 
in Paget s sarcoma, 175/ 
in pigmented villonodular synovitis, 503 f, 
504-505, 506/ 

in polyethylene implant failure, 334, 335/ 

337/ 338/ 

polyethylene in, 337/ 

in rapidly destructive osteoarthritis, 

270-273, 272/ 

in rheumatoid arthritis, 281-282, 283/ 
in sarcoidosis, 133/ 135/ 
in surgical wound healing, 92/ 
in tuberculosis, 129-130, 130 f 
Giant cell reaction 

calcifie deposit-related, 87/ 206/ 
in calcium pyrophosphate dihydrate déposition 
disease, 295, 297/ 298/ 
cement-related, 335/ 340/ 
in epidermoid inclusion cyst, 450/ 
polyethylene-related, 334, 337/ 

Silastic-related, 332/ 
suture-related, 91, 9 2f 
Synvisc-related, 322/ 
in tumoral calcinosis, 206/ 

Giant cell reparative granuloma, 456-459, 

458/ 459/ 

differential diagnosis of, 457-459 
Giant cell tumor, 466-475, 473/ 
âge and, 466-471, 471/ 
differential diagnosis of, 450-451, 471, 473/ 
vs. giant cell reparative granuloma, 457-459 
imaging of, 471, 471/ 472/ 
lipid-laden cells in, 471, 474 f 
location of, 466-471, 471/ 
malignant transformation of, 471-472, 474 f 
metastatic, 471, 474 f 

in Pagets disease, 167, 169/ 170-171, 176/ 
radiography of, 69/ 471, 471/ 472/ 
soft-tissue, 529-530, 530/ 
storiform pattern of, 471, 473/ 
tendon sheath, 529-530. See also Pigmented 
villonodular synovitis 
Giemsa stain, 48 
Glenoid 

ganglion cyst of, 452/ 
metastasis in, 55/ 

Glial fibrillary acidic protein, 47 
Glomus tumor, 450-451, 451/ 

Glucocorticoids, 15£ 

Glucose-6-phosphate dehydrogenase, metal-related 
levels of, 324 

Glutaraldehyde fixation, 45 

Glycogen, in Ewing’s sarcoma, 478-479, 480 f 

Glycosurie rickets, rénal, 205 

Gold deposits, in rheumatoid arthritis, 288, 290/ 

Golgi apparatus, 82/ 

Gonorrhea, 119 

Gorham’s massive osteolysis, 186-187, 186/ 

Gortex, foreign body reaction to, 322/ 

Goût, 289-291 
acute, 291 
asymptomatic, 291 
chronic, 291 

crystal déposition in, 291, 292/ 293/ 294/ 
radiography in, 78, 78/ 291 
synovial fluid examination in, 30C )f 
tophaceous, 289-290, 291, 293/ 294/ 

Graft, bone, 100-102, 103/ 104/ 

Granulation tissue, 91, 91/ 

Granulocytic sarcoma, 484 


Granuloma 

éosinophilie. See Eosinophilie granuloma 
giant cell, 456-459, 458/ 459/ 
sarcoid, 132,133/ 135/ 
tuberculous, 129-130, 130/ 1 
Granulomatous inflammation, bone and joint, 110, 

127. See also Mycotic infection; Sarcoidosis; 
Tuberculosis 

Great toe 

calcium pyrophosphate dihydrate déposition in, 
298/ 

chondrosarcoma of, 418-419, 421/ 

Dupuytren exostosis of, 36 3f 
goût of, 78 f, 293/ 
osteophytes of, 255-257, 257/ 
sesamoid fracture of, 101/ 
subungual exostosis of, 363/ 

Gross examination, 42-43 
bone necrosis on, 42, 44 f 
dissecting microscope for, 42, 43/ 
photography for, 42-43, 46/ 
radiographie adjunct to, 42, 44£ 45/ 46/ 
soft tissue dissection for, 42, 42/ 
specimen cutting for, 42, 43/ 
visual examination for, 42, 4 3f 
Ground-glass appearance, 69, 72/ 
in fibrous dysplasia, 435, 436/ 437/ 

Growth arrest line, 32, 38 f 
Growth factor. See Factor 
Growth hormone, 15t 
Growth plate, 9,10/ 32, 33/ 37/ 
in achondroplasia, 160 f 
cells of, 36/ 
fémoral, 7/ 10/ 37/ 
in hypophosphatasia, 156f, 157/ 
in Legg-Calvé-Perthes disease, 355-358 
in osteogenesis imperfecta, 147-148,148/ 149 
in phosphoethanolaminuria, 156 f 
in rickets, 203/ 204f 
in scurvy, 152/ 

in slipped capital fémoral epiphyses, 274, 275/ 
in vitamin A intoxication, 200 
Gumma, 119-120, 121/ 

H 

Hageman factor, 88 
Hair-on-end appearance 
in osteoarthritis, 259/ 
in thalassemia, 225, 227/ 

Hallux rigidus, 257/ 

Hallux valgus, 255-257, 257/ 

Hamartoma, fibrolipomatous, 521 
Hand. See also Metacarpals; Phalanges 
Camurati-Engelmann disease of, 179/ 
chondroma of, 67 f 
enchondroma of, 71/ 408/ 
enchondromas of, 407/ 
fibrous dysplasia of, 72/ 436 f 
hemangioma of, 461/ 
hemochromatosis of, 222/ 
in hyperparathyroidism, I96f, 206 f 
juxtacortical chondroma of, 411/ 

M. marinum infection of, 132, 13 2f 
in Marfan’s syndrome, 15:/ 
melorheostosis of, 62/ 

Ollier s disease of, 406/ 
osteoarthritis of, 255/ 256/ 
osteopetrosis of, 164 f 
osteopoikilosis of, 366 f 
Pagets disease of, 62/ 65/ 166/ 
pigmented villonodular synovitis of, 504 f 
in psoriasis, 292/ 

rheumatoid arthritis of, 79/ 280/ 287/ 
rickets of, 204/ 
sarcoidosis of, 134/" 
scaphoid fracture in, 61/ 
in sickle cell disease, 66 f 224 f 
in thalassemia, 65/ 227 f 
Hand-Schüller-Christian syndrome, 462, 463 
Harris line, 32, 38/ 

Havers, Clopton, 2, 2 f 
Haversian canal, 17, 17/ 
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Heart, in Hurler s syndrome, 154 f 
Heberden’s nodes, 254, 255-257 
Hemangioendothelioma, 487-489, 490/ 

Hemangioma, 522-525, 524 f 
capillary, 498, 499/ 
cavernous, 523-524, 524/" 
epithelioid, 524, 525/ 
imaging of, 65, 66f 
intraosseous, 459, 460/’ 

Maffucci’s syndrome and, 524, 525/ 
synovial, 498, 498/ 499 f 
tendon sheath, 498, 499/ 

Hemangiomatosis 

enchondromatosis and (Maffucci s syndrome), 

405, 407/ 

skeletal, 459-461, 461/ 462/ 

Hemangiopericytoma, 490-492, 491/ 

Hematogenous osteomyelitis. See Osteomyelitis, 
hematogenous 

Hématologie disease, skeletal manifestations of, 
220-227. See also at spécifie diseases 
Hematopoietic tissue, 18 
ghosting of, 84-85, 85/ 

Hemochromatosis, 221-222, 222 f, 223/ 
chondrocalcinosis in, 222, 222/ 
hemosiderin in, 222, 223/ 
secondary, 221 

Hemodialysis, carpal tunnel syndrome with, 213, 216 f 
Hemoglobinopathy, 222. See also Sickle cell disease; 
Thalassemia 

radiography in, 64-65, 65/ 66/ 

Hemophilia, 299-301 

arthritis in, 299-300, 30 Of 
hemosiderin déposition in, 300-301, 301/ 302/ 
osteoporosis in, 299-300, 300/ 
pseudotumor in, 299-300, 301/ 
synovial membrane in, 250-251, 251/ 

Hemophilus influenzae, 110 
Hemorrhage 

fracture-related, 99, 101/ 102/ 
in hemophilia, 299-301, 301/ 
in scurvy, 151, 152/ 

in slipped capital fémoral epiphysis, 274, 275/ 
Hemosiderin 

in giant cell reparative granuloma, 459/ 

in hemarthrosis, 300-301, 301/ 

in hemochromatosis, 222, 223 f 

in hemophilia, 300-301, 301/ 

in pigmented villonodular synovitis, 505 

in pigmented villonodular synovitis differential, 

505, 508/ 

in pleomorphic hyalinizing angiectatic tumor, 506, 
509/ 

in rheumatoid arthritis, 282/ 505, 508/ 
in synovial tissue, 106-108, 108/ 282/ 505, 508/ 
in unicameral bone cyst, 453, 456 f 
Hemosiderotic fibrohistiocytic lipomatous lésion, 506, 
509/ 

Hemosiderotic synovitis, 106-108, 108/ 505, 508/ 
Heparan sulfate, 152 
Hepatitis C infection, 175, 179/ 

Her, 47 

Hereditary multiple osteocartilaginous exostoses, 
402-404, 403/ 404/ 

Herniation, intervertébral dise, 305, 306 f 
in Scheuermann’s disease, 311, 312/ 

HGD, 265 

High-density polyethylene, 323-324 
Hip 

chondroblastoma of, 412/ 
clear-cell chondrosarcoma of, 424 f 
congénital dislocation of, 275-277, 276/ 
in congénital syphilis, 314 f 
erosive osteoarthritis of, 256 f 
fêtai, 30/ 34/ 50/ 
fibrous dysplasia of, 437/ 
fracture of, 266-269. See also Fémoral head, 
osteonecrosis of 

Gorham’s massive osteolysis of, 18 6f 
hemangiomatosis of, 461/ 
implant-related tumor of, 329, 330/ 

Infantile septic arthritis of, 280 f 
liposclerosing myxofibrous tumor of, 440 f 
mastocytoma of, 470 f 


Hip ( Continued) 

in Morquio’s disease, 155/ 

myositis ossificans progressiva of, 52 7f 

normal, 240 f 

osteoarthritis of, 256/ 257/ 259/ 262-263, 263/ 
264/ 271 f 

osteomyelitis of, 120 f 
osteosarcoma of, 330/ 354, 356 f 
oxalosis of, 212/ 

Paget’s disease of, 167/ 

pigmented villonodular synovitis of, 502-504, 503/ 
prosthetic. See Orthopaedic implants 
rapidly destructive osteoarthritis of, 271/ 
saddle deformity of, 276/ 
septic arthritis of, 119/ 280/ 
slipped capital fémoral epiphyses of, 274-275, 274£ 
275/ 

synovial chondromatosis of, 500, 50C )f 501/ 
transient osteoporosis of, 64, 185/ 
tuberculosis of, 128/ 

Histamine, 88 
Histiocytes, 89/ 

in atypical mycobacterial infection, 131/ 
in bone infarction, 344f 
ofbrown tumor, 198/ 
in calcifie tendinitis, 209/ 
in Chester-Erdheim disease, 463, 467/ 
in éosinophilie granuloma, 462-463, 465/ 

Gaucher s, 218, 218/ 
in goût, 293/ 

in Hodgkins disease, 483/ 
implant-related, 325/ 331/ 332/ 333/ 335/ 337/ 
metal-filled, 325/ 
in oxalosis, 213/ 

in pigmented villonodular synovitis, 50 6f 
in rapidly destructive osteoarthritis, 270-273, 272/ 
in Rosai-Dorfman disease, 464, 468/ 
in sarcoidosis, 133/ 135/ 
in tuberculosis, 130 f 
in xanthoma, 219/ 

Histiocytoma 

fibrous 

benign, 430/ 431-432, 434 f See also 
Nonossifying fibroma 
malignant, 444-446 

radiography in, 68/ 444-445, 445/ 
soft-tissue, 534-535, 534/ 
storiform pattern in, 445-446, 446/ 534, 534 f 
synovial, benign. See Pigmented villonodular 
synovitis 

Histocompatibility antigen 
DR4, 281 
DW4, 281 
HLA-B27, 315-317 
Hodgkins lymphoma, 483, 483/ 

Hoffa’s disease, 498, 499/ 

Homocystinuria, 151 
Homogentisic acid, 265, 265/ 

Hormones, in calcium homeostasis, 190-192, 191/ 
192/ 193/ 

Hounsfield units, 56, 56/ 

Howship’s lacunae, 12-15, 1 4f 
HPRT1, 293 
Humerai head 

calcification in, 34 6f 
osteonecrosis of, 34S/ 

Humérus 

brown tumor of, 19 9f 
chondroblastoma of, 412/ 
chondrosarcoma of, 417/ 
fibrosarcoma of, 444 f 
fracture of, 482/ 491/ 

Gauchers disease of, 218/ 

Gorham’s massive osteolysis of, 186/ 
hemangiopericytoma of, 491/ 
infarction in, 345/ 
juxtacortical chondroma of, 411/ 
lymphoma of, 482/ 
metastatic disease of, 68/ 495/ 
osteogenesis imperfecta of, 145/ 
osteomyelitis of, 123 f 226 f 
osteosarcoma of, 393/ 

Paget’s disease of, 175/ 

Paget’s sarcoma of, 397 f 


Humérus ( Continued) 

Rosai-Dorfman disease of, 468/ 
in sickle cell disease, 126/’ 
tuberculosis of, 129/ 
unicameral bone cyst in, 454/" 

Humoral hypercalcemia, 198-200 
Hunter, John, 2, 2/ 

Hunter, William, 232-233 
Hunter syndrome, 154£ 

Hurler-Scheie syndrome, 154£ 

Hurler s syndrome, 154 f 154 1, 155-156, 155/ 
Hyaline cartilage. See Articular cartilage 
Hyaluronan, 4, 6/ 7/ 

Hyaluronidase deficiency, 154£ 

Hydatid cyst, 134, 138/ 139 f 
Hydroxyapatite, 4 

age-related effects on, 4 
in fluorosis, 157 
in osteochondrosis, 310, 310/ 
periosteal, 9-10 
soft tissue, 293-294, 295/ 
stain for, 45-47, 49/ 

trauma-related déposition of, 207, 209/ 210/ 
in tumoral calcinosis, 208-210 
Hydroxyproline, 15-16 
urinary, 167,171-172 
Hypercalcemia, 192-200 
cancer-related, 198-200 
clinical features of, 194 b 
differential diagnosis of, 194 b 
humoral, 198-200 
Hypercalcémie crisis, 193 
Hypercalciuria, in Paget’s disease, 167 
Hyperlipidemia, primary, 218-220, 219/ 
Hyperosteoidosis, 190/ 200-201, 200/ 201/ 
Hyperostosis 

ankylosing. See Ankylosing hyperostosis 
cranial, 432-434, 435/ 
infantile cortical, 117-118, 118/ 
in melorheostosis, 364-366, 367/ 
Hyperparathyroidism, 190, 192-198, 194 f 195/ 
brown tumor of, 198, 198/ 199/ 
dissecting résorption in, 190/ 194-198,197/ 
198/ 

erosive résorption in, 194, 196/ 197/ 
increased skeletal density in, 198, 199/ 
osteocytic osteolysis in, 194-198 
vs. Paget’s disease, 168-170 
peritrabecular fibrosis in, 194, 197/ 
primary, 192-193, 194/ 195/ 
radiography in, 194, 196 f 
of hand, 196/ 
of skull, 197/ 
of tooth, 196/ 

sait and pepper appearance in, 194, 197 f 
secondary, 190, 193-194, 198, 199/ 
specimen radiography in, I96f 197 f 
treatment of, 193, 194 
Hyperphosphatasia 
vs. Paget’s disease, 173 
primary (juvénile Paget’s disease), 171-173 
Hyperphosphatemia, in tumoral calcinosis, 
207-208, 208/ 

Hypersensitivity, methylmethacrylate-related, 331 
Hypertrophie pulmonary osteoarthropathy, 
116-117,117/ 

Hyperuricemia, 290 
clinical stages of, 291 
crystal déposition in, 291, 294 f 
radiography in, 291, 293/ 
secondary, 290-291 
Hypervitaminosis A, 200, 200/ 

Hypocalcemia, 178, 200-205 
clinical features of, 200 b 
etiology of, 200 b 
Hypomagnesemia, 205 
Hypoparathyroidism, 202-203 
Hypophosphatasia, 156-157, 156/ 157/ 158/ 
radiography in, 156, 156 f 
Hypophosphatemia, 203-205, 204 f 
familial, 205, 205/ 

mesenchymal tumor and, 204-205, 204 f 
tumoral calcinosis and, 207-208 
Hypotension, methylmethacrylate-related, 331 
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Hypothenar eminence 

epithelioid sarcoma of, 547/ 
rhabdomyosarcoma of, 538/ 

Hypothyroidism, in CPPD, 294 
Hypoxia, 83, 83/ 

I 

ICH. See Infantile cortical hyperostosis 
Idiopathic osteoarthritis. See Osteoarthritis 
Idiopathic osteolysis, 185-187 
Ilium 

desmoplastic fibroma of, 442/ 
exostoses of, 404 f 
mastocytosis of, 46*/ 
osteoblastoma of, 376/ 377/ 
osteosarcoma of, 389/ 

Rosai-Dorfman disease of, 468/ 
sarcoma of, 55/ 74/ 

Imaging 

biopsy after, 54 

ionizing radiation techniques for, 54-58. See also 
Computed tomography (CT); Radiography; 
Radionuclide scanning 

nonionizing radiation techniques for, 58-60. See 
also Magnetic résonance imaging (MRI); 
Ultrasonography 
rôle of, 54 

Immature (woven) bone, 18, 18/ 19/ 
calcified, 101-102 
in facial osteoma, 369, 370 f 
in fibrous dysplasia, 439 f 

in localized monomelic medullary osteosclerosis, 
173,178/ 

in myelofibrosis, 228/ 
in osteoarthritis, 257-260, 259/ 
in osteoblastoma, 378/ 
in osteoid osteoma, 372/ 375/ 

Immobilization, joint effects of, 235, 237/ 
Immunoelectrophoresis, in multiple myeloma, 
484-485, 486/ 

Immunoglobulin(s), 90 

in multiple myeloma, 484-485, 486/ 
Immunoglobulin G, in rheumatoid arthritis, 285-287 
Immunoglobulin M, in rheumatoid arthritis, 285 
Immunohematopoietic neoplasms, 481-485. See also 
Leukemia; Lymphoma; Multiple myeloma; 
Solitary (localized) myeloma 
Immunohistochemistry, 47-48, 50 f 
Implant. See Orthopaedic implants 
In-situ hybridization, 48-49 
Inborn errors of metabolism, 152-155, 154^ 154£ 
Infantile cortical hyperostosis, 117-118,118/ 

Infantile myofibromatosis, 515-517, 516/ 

Infarction 

bone. See Bone infarction. See also Osteonecrosis 
myocardial, 84, 85/ 93/ 

Infection 

diagnosis of, 122, 124 f 328 
fungal, 133-134,136/ 137/ 

granulomatous, 110, 127. See also Mycotic infection; 

Sarcoidosis; Tuberculosis 
joint. See Septic arthritis 
mycotic, 133-134, 136/ 137/ 
orthopaedic device-related, 327-329, 328£ 
parasite, 134 

pyogénie, 110. See also Osteomyelitis 
Inflammation, 88-108 
acute, 88-90 
cardinal signs of, 88 
chronic, 90, 90 f 
cytokines in, 90-91, 90 f 
initial phase of, 88-90, 88/ 89/ 90/ 
mediators of, 86, 88, 90-91, 90/ 
in osteomyelitis, 122-125, 124^ 126 f 
secondary phase of, 90-108, 9 Of 91/ 

Inflammatory arthritis, 280-289. See also Rheumatoid 
arthritis 

metabolic product déposition and, 289-301. See 
also spécifie crystal déposition diseases 
synovial fluid examination in. See Synovial fluid, 
examination of 
transient, 119 


Injury effects, 82-88. See also Inflammation; 

Repair 

apoptosis, 85-87, 86/ 
atrophy, 83, 83/ 
bacterial, 84, 85/ 
calcification, 87, 87/ 
cellular, 82 
degeneration, 82 
extracellular matrix, 87-88, 87/ 
histologie, 82-88, 83/ 
hyperplasia, 84, 84/ 
hypertrophy, 83-84, 84/ 
local, 82 

necrosis, 84-85, 34f, 85/ 86/ 
tissue, 82 
types of, 82 
Insulin, 15£ 

Insulin-like growth factor (somatomedin), 16£, 

90-91 

Interface 

bone-cartilage, 26, 21 f 
bone-cement, 326, 326/ 
bone-metal, 326-327, 327/ 328/ 

Interleukin-1, 16£, 90-91 
Interphalangeal joints 
goût of, 292/ 

osteoarthritis of, 255/ 256/ 
pigmented villonodular synovitis of, 502/ 
rheumatoid arthritis of, 7 9f 
traumatic injury to, 105/ 

Intervertébral dise, 19-20, 20 f 304, 304 f 
age-related changes in, 304, 304/ 
annulus fibrosus of, 20-21, 20 f 21/ 
calcification of, 310, 310/ 
calcium pyrophosphate dihydrate déposition 
disease of, 310, 310/ 
displacement of, 304-310, 305/ 
anterior, 304-307, 305/ 307/ 
inferior, 304-305, 305/ 
posterior, 304-305, 305/ 307-308 
postérolatéral, 304-305, 307-308, 308/ 309/ 
reparative fibrocartilage and, 307, 309/ 

Schmorls nodes and, 308-310, 309/ 
superior, 304-305, 305/ 

end plate disruption (osteochondrosis) of, 310-311, 
310/311/ 

extrusion of, 305, 305/ 306/ 
herniation of, 305, 306/ 

in Scheuermanns disease, 311, 312f 
intradiscal pressure of, 304, 305/ 
nucléus pulposus of, 20-21, 21/ 
nutrients of, 21 
ochronosis of, 265, 265/ 
ossification within, 310-311, 311/ 
prolapse of, 305, 305/ 
protrusion of, 305, 305/ 
séquestration of, 305/ 

Intradiscal pressure, 304, 305/ 

Intranuclear inclusions, in Pagets disease, 167, 169/ 
Intraosseous veins, 10-11 

Intravenous drug users, osteomyelitis in, 110-111, 
111/ 123/ 

Involucrum, 75/ 125, 125/ 126/ 226/ 

Ionizing radiation imaging techniques, 54-58. See also 
Computed tomography (CT); Radiography; 
Radionuclide scanning 

Iron, déposition of. See also Hemochromatosis; 
Hemosiderin 

in thalassemia, 225-226, 226 f 227/ 

Iron overload, 200 
Ischemia 

bone. See Bone infarction. Osteonecrosis 
cauda equina, 312 
myocardial, 84, 85/ 93/ 

Ischium, Ewing’s sarcoma of, 478/ 

ISH (in-situ hybridization), 48-49 

J 

Joint(s), 18-29, 231-252. See also Articular cartilage 
age-related changes in, 21, 22/ 236 
amphiarthrodial, 19-20, 20 f 21/ 
anatomy of, 232-234, 234 f 


Joint (s) ( Continued ) 

arthritic. See Arthritis. Rheumatoid arthritis 
artificial. See Orthopaedic implants 
Charcot s, 120, 254, 255/ 
radiography in, 79, 79/ 255/ 
radionuclide imaging of, 57 f 
congruence of, 232 

degeneration of, 236-238. See also Osteoarthritis 
diarthrodial, 19, 19/ 20/ 
dysfunction of, 232. See also Arthritis 
pathophysiology of, 235-251, 238/ 
elastic deformation of, 232, 233/ 
false (pseudoarthrosis), congénital, 102-103, 104£ 
105/ 
fêtai, 32, 34/ 

function of, 232-234, 232/ 
geometry of, 232, 232/ 
gonococcal infection of, 119-120 
imaging of, 59, 78-79, 78/ 79/ 
immobilization effects on, 235, 237/ 
incongruence of, 232, 233/ 

infection of, 118-119, 127, 280, 280/ See also Septic 
arthritis and spécifie infections 
load-related deformation of, 232, 233/ 
menisci of, 232, 233 f 234-235, 236 f See also 
Meniscus (menisci) 

physiology of, 232-233, 234-235, 234/ 235/ 236/ 
237/ 238/ 

shape of, 232-234, 233/ 
changes in, 235, 236, 238/ 
structure of, 18-21 
synarthrosis, 21, 22 f 
topographie variation in, 234-235, 23 6f 
venereal disease-related infection of, 

119-120 

Juvénile aponeurotic fibromatosis, 514-515, 514 f 
Juvénile chronic arthritis. See Juvénile rheumatoid 
arthritis 

Juvénile chronic polyarthritis. See Juvénile rheumatoid 
arthritis 

Juvénile kyphosis, 311, 311/ 312/ 

Juvénile Pagets disease, 171-173,177/ 

Juvénile rheumatoid arthritis, 288-289, 291/ 
Juxtacortical chondroma, 408, 411/ 

Juxtacortical osteosarcoma. See Osteosarcoma 

(ostéogénie sarcoma), parosteal, low grade 
(juxtacortical) 

K 

Karyolysis, 84 

Keasbey tumor, 514-515, 514 f 

Keloids, osteopoikilosis and, 364 

Keratan sulfate, 4, 6 f 

Kil, 482-483 

Kidney. See at Rénal 

Kienbôck s disease, 346-347, 347/ 

Knee 

ankylosis of, 287/ 
bone island of, 366f 

calcium pyrophosphate dihydrate déposition in, 

295/ 

Charcot s (neuropathie), 79/ 255/ 
chondroblastoma of, 414 f 
chondrocalcinosis of, 78 f 
coccidioidomycosis of, 1 36f 
degenerative arthritis of, 79/ 
epidermoid inclusion cyst of, 450/ 
fêtai, 34/ 

ganglion cyst of, 452/ 530, 531/ 532/ 
genu varus deformity of, 254/ 
giant cell tumor of, 472/ 
gross anatomy of, 42/ 46/ 
hemangioma of, 460/ 498, 498/ 
hemochromatosis of, 223/ 
in hemophilia, 30 Of 301/ 

Hoffa’s disease of, 499/ 
in hyperphosphatemia, 208/ 
hypophosphatémie rickets of, 205/ 
lipoma of, 522/ 

magnetic résonance imaging of, 19/ 23 3f 

melorheostosis of, 367f 

menisci of. See Meniscus (menisci), knee 
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Knee ( Continuéei) 

myofibrosarcoma of, 54 3f 
ochronosis of, 266 f 
osteoarthritis of, 105/ 244£ 255/ 
osteochondritis dissecans of, 274 f 
osteogenesis imperfecta of, 146/" 
osteoma of, 369/ 
osteomyelitis of, 110/ 113 f, 120 f 
osteonecrosis of, 268-269, 270/ 
osteosarcoma of, 381/ 391/ 
oxalosis of, 212/ 

pigmented villonodular synovitis of, 502-504, 504£ 
505 f 

prosthetic. See Orthopaedic implants 
replacement of, 329/ 334/ 338/ See also Orthopae¬ 
dic implants 

infection with, 113-114, 114 f 
rheumatoid arthritis of, 281/ 285/ 287/ 
rickets of, 63/ 
sarcoidosis of, 133/ 134 f 
septic arthritis of, 119/ 
solitary myeloma of, 488/ 
structure of, 19f 

synovial chondromatosis of, 50C )f 501/ 
synovial hemangioma of, 498, 498/ 
synovial sarcoma of, 540 f 
transient osteoporosis of, 185/ 
tuberculosis of, 128/ 130/ 

Kôhler s disease, 346-347, 347/ 

Kyphosis 

in Hurler s syndrome, 155-156, 155/ 
juvénile, 311, 311/312/ 
in Morquio’s disease, 155/ 
in thalassemia, 225 


L 

Lactate dehydrogenase, 324 
Lamellar bone, 16-17, 16 f 
Langerhans cell histiocytosis. See Eosinophilie 
granuloma 

Langerhans’ giant cells, 129-130, 130/ 
Legg-Calvé-Perthes disease, 355-358, 357/ 358/ 
Leiomyosarcoma 
vs. fibrosarcoma, 444 
metastatic, 494 f 

Lesch-Nyhan syndrome, 291-293 
Letterer-Siwe disease, 463 
Leukemia, 44/ 483-484, 484/ 485/ 
vs. Ewing’s sarcoma, 480 
myelofibrosis and, 226-227 
vs. osteogenesis imperfecta, 144-146 
Leukocytes, 88-90, 89/ 
migration of, 88, 88/ 
in rheumatoid arthritis, 284 f 
in septic arthritis, 280 f 
Ligament(s) 

anterior longitudinal, 317, 317/ 
arthritis-related injury to, 248-249 
bone insertion of, 26, 27/ 
calcification of, 87 
cruciate, 94 
injury to, 94 

posterior longitudinal, 317, 318/ 
rupture of, 94 

transverse carpal, 95-96, 95/ 

Ligamentum flavum, bone insertion of, 27/ 

Link protein, 4, 6 f 7/ 

Lipid granulomatosis, 463, 46(/ 467/ 

Lipidoses, 214. See also Gauchers disease 
Lipoblast, 536/ 537/ 

Lipodystrophy, membranous, 220, 22C )f 221/ 
vs. traumatized fibrolipomatous tissue, 221/ 
Lipofuscin pigment, 21, 22/ 

Lipoma, 475, 475/ 476/ 521-522, 522/ 523/ 524/ 
calcification with, 208 f 
magnetic résonance imaging in, 77/ 

Lipoma arborescens, 498, 49S/ 

Lipomembranous polycystic osteodysplasia, 220, 220 f 
vs. traumatized fibrolipomatous tissue, 221/ 
Liposarcoma, 535-537, 535/ 535£ 
bone in, 535-537, 538/ 
dedifferentiated, 535, 536 f 


Liposarcoma ( Continuéei) 

magnetic résonance imaging in, 71 f 
myxoid, 535-537, 535£, 536/ 537/ 538/ 
pleomorphic, 535, 535 1, 536 f 
round cell, 535-537, 535£ 
well-differentiated, 535, 535/ 535£ 

Liposclerosing myxofibrous tumor, 438, 440 f 
Localized monomelic medullary osteosclerosis, 173, 
178/ 

Localized osteoporosis. See Osteoporosis, localized 
(transient) 

Loeys-Dietz syndrome, 151 
Loose bodies 

cartilaginous, in synovial chondromatosis, 500, 501/ 
fibrinous, in rheumatoid arthritis, 248, 285/ 
osteochondral, 245-248, 246/ 247/ 248/ 249/ 
in osteochondritis dissecans, 273, 274 f 
Looser’s zones, 63, 64£ 201 
Low-grade fibromyxoid sarcoma, 542, 544 f 
Lumican, 5 
Lunate bone 

collapse of (Kienbôck’s disease), 346-347, 347/ 
necrosis of, 102/ 

Lung 

abscess of, 85/ 
fat globules of, 104 f 
Lung cancer 

hypercalcemia with, 198-200 
metastatic, 55/ 74/ 492, 495/ 

Lymph nodes 

implant débris of, 331, 333/ 334 f 
metastatic disease of, 78 
Lymphangiectasis, 459-461 
Lymphangiomatosis, 459-461 
Lymphocytes, 88, 90/" 
in calcifie tendinitis, 209/ 
in éosinophilie granuloma, 462-463, 465/ 
in non-Hodgkin’s lymphoma, 482/ 
in rheumatoid arthritis, 281-282, 283/ 290/ 508/ 
in Rosai-Dorfman disease, 468/ 

Lymphoma 

âge and, 481, 481/ 
anaplastic, 482-483 

bone (intraosseous), 481-483, 481/ 482/ 483/ 

computed tomography of, 58/ 

vs. Ewing’s sarcoma, 480 

Hodgkins, 483, 483/ 

immunological markers in, 482-483 

large cell, 481, 482-483 

location of, 481/ 

lymphoblastic, 482-483 

non-Hodgkin’s, 481-483, 482/ 

Lysosomal enzymes, 82, 82 f 88 
deficiency of, 152-155, 154/ 154/: 

Lysozyme, 88-90 

M 

Macrodactyly, 521, 52 3f 
Macrophage, 88 

Maffucci’s syndrome, 405, 407/ 524, 525/ 

Magnésium, deficiency of, 205 

Magnetic résonance imaging (MRI), 54, 59-60, 

606 61/ 

advantages of, 60 

of articular cartilage, 19/ 

in benign fibrous histiocytoma, 434/" 

in bone tumor, 74, 75/ 

in calcifying aponeurotic fibroma, 514 f 

in cervical rheumatoid arthritis, 315/ 

in chondroblastoma, 410-412 

in chordoma, 426 f 

disadvantages of, 60 

in dise herniation, 306 f 

in Exophiala jeanselmei infection, 137/ 

in fémoral head osteonecrosis, 358-359 

in fibromatosis, 511/ 

in fracture, 54, 55/ 

gadolinum for, 60, 61/ 

in ganglion cyst, 452/ 

in hemangioma, 65, 66 f 

in hemochromatosis, 222, 222/ 

hemorrhage-specific signal intensifies of, 60, 60 1 


Magnetic résonance imaging (MRI) ( Continued) 
of knee, 19/233 f 
in lipoma, 524 f 

in liposclerosing myxofibrous tumor, 440 f 
in localized (transient) osteoporosis, 183-185 
in membranous lipodystrophy, 220 f 
in metastatic cancer, 493/ 
in myofibrosarcoma, 543/ 
in neurofibroma, 76, 76 f 
in notochordal rest, 428/ 

in ossifying fibromyxoid tumor of soft tissue, 544 f 
in osteoid osteoma, 371/ 
in osteomyelitis, 120-121, 12:/ 
in osteosarcoma, 389 f 
in scaphoid fracture, 61/ 
in soft tissue sarcoma, 61/ 
in soft tissue tumor, 70 f 76-78, 76/ 77/ 
in solitary myeloma, 489/ 
in subchondral insufficiency fracture, 267-268, 
267/ 

in telangiectatic osteosarcoma, 385/ 
tissue-specific signal intensifies of, 60, 60t 
Malignant fibrous histiocytoma, 444-446 
radiography in, 68/ 444-445, 445/ 
soft-tissue, 534-535, 534/ 
storiform pattern in, 445-446, 44(/ 534, 534/ 
Malignant tumor. See also Benign tumor 
bone. See Bone tumor and spécifie tumors 

bone-forming, 376-388. See also Osteosarcoma; 
Sarcoma 

bone infarction and, 345 
cartilage-forming, 417-426 
fibrous, 443-446 
nonmatrix-producing, 478-492 
soft tissue, 534-549. See also spécifie tumors 
bone-forming, 546-547 
epithelioid, 546 
fibroblast, 541-542 
fibromyxoid, 542-543 
fibrous, 535-537 
muscle, 537-539 
nerve sheath, 543-546 
synovial, 539-541 

Marble bone disease. See Osteopetrosis 
Marfan’s syndrome, 142/ 151-152, 153 f 
Margin, tumor, 67-68, 68/ 

Marie-Bamberger syndrome, 116-117, 117/ 
Marjolin’s ulcer, 115 
Maroteaux-Lamy syndrome, 154£ 

Marrow. See Bone marrow 
MASS (mitral valve, aorta, skin, skeletal) 
phenotype, 151 

Massons trichrome stain, 45-47, 48/ 

Mast cells, in rheumatoid arthritis, 283 f 
Mastocytosis, 464-466, 469/ 470/ 

Matrix. See Bone matrix 
Mature bone, 16-18, 16/ 17/ 18/ 

Mazabraud’s syndrome, 432-434 
McCune-Albright syndrome, 69-70, 436-438 
Médian nerve, 95/ 

compression of, 95-96, 96 f 
ultrasonography of, 59/ 

Melanoma, 5 Of 444, 450-451 
Melorheostosis, 62, 62/ 364-368, 367/ 
cutaneous lésions in, 366 
fibrosis in, 366 

osteopathia striata and, 367/ 368 
vascular malformations in, 366 
Membranous bone, 32, 38/ 39/ 

Membranous lipodystrophy, 220, 220 f 

vs. traumatized fibrolipomatous tissue, 221/ 
Meningitis, tuberculous, 128 
Meniscus (menisci), 232, 234-235, 236 f 
age-related changes in, 22/ 105-106, 107/ 
fiber orientation in, 24-25, 25/ 104-105 
knee, 22/ 24-25, 25/ 104-106 

age-related changes in, 22/ 105-106, 107/ 
calcium pyrophosphate dihydrate déposition 
disease of, 295/ 297/ 
collagen fibers of, 104-105 
lacérations of, 105-106, 106/ 107/ 
repair of, 106, 107/ 

Mesenchymoma, fibrocartilaginous, 439/ 

Mesomelic dwarfism, 159 
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Metabolic disease. See also spécifie diseases and bone 
disorders 

cell linkage disturbance-related, 162-187. See also 
Osteopenia; Osteoporosis; Osteosclerosis 
collagen synthesis-related, 142-152 
deposition/storage disturbance-related, 211-230 
inborn error-related, 152-155 
minerai formation disturbance-related, 156-158 
minerai homeostasis disturbance-related, 189-210. 
See also Calcification; Hypercalcemia; 
Hypocalcemia 
Metacarpals 

Camurati-Engelmann disease of, 17 9f 
fêtai, 31/ 

fibrous dysplasia of, 436/ 
giant cell reparative granuloma of, 458/ 
giant cell tumor of, 472/ 
hemochromatosis of, 222/ 
osteomyelitis of, 113/ 
osteopetrosis of, 164 f 
Paget s disease of, 65/ 166/ 
rickets of, 204 f 
in sickle cell disease, 66 f, 224 f 
Metacarpophalangeal joint, rheumatoid arthritis of, 
280/ 286/ 287/ 

Metachromasia, 49/ 

Métal implants, 323-324, 324/ 
allergy/hypersensitivity to, 331 
bone-implant interface with, 326-327, 327/ 328/ 
corrosion of, 333 
cytologie effects of, 324 
débris déposition with, 324, 325/ 327, 334/ 
failure of, 333-334, 335/ 336/ 
fibrous capsule with, 324, 325/ 
hypersensitivity reaction to, 331 
particle débris of, 333-334, 335/ 336/ 
Metalloproteinases, 244 
Metaphysis, 9, lOf 37/ 
blood vessels of, 37/ 
in dwarfism, 159, 16C )f 
fémoral, 2-3, 10/ 
fêtai, 400/ 

scurvy-related fracture in, 152/ 
syphilis-related changes in, 121/ 
vessels of, 37/ 

Metastatic cancer, 492 
vs. amyloidosis, 213 
from breast cancer, 68/ 492/ 493/ 
calcification with, 205-207, 206/ 
in children, 492 

computed tomography in, 74, 74 f 

from Ewing s sarcoma, 74 f 

vs. fibrosarcoma, 444 

vs. fibrous dysplasia, 436 

fine-needle aspiration biopsy in, 492, 496/ 

focal sclerosis in, 62 

from gastric cancer, 493/ 

imaging in, 54/ 55/ 72-74, 74/ 

from leiomyosarcoma, 494/ 

from lung cancer, 55/ 57, 74 f 495/ 

vs. myelofibrosis, 226-227 

from prostate cancer, 495/ 

pulmonary, 54/ 

radionuclide scanning in, 57, 58/ 
from rénal cancer, 495/ 
from sarcoma, 54/ 
specimen radiography in, 45/ 
from synovial sarcoma, 540-541, 547/ 
thoracic, 74/ 

vs. transient osteoporosis, 185 
vertébral, 493/ 496/ 

Metatarsals 

collapse of (Freiberg s disease), 346-347, 348/ 
desmoid tumor of, 5E 2f 
fibromatosis of, 512/ 
fracture of, 201/ 

Metatarsophalangeal joint, goût of, 293/ 

Methods of examination. See Examination 
methods 

Methylmethacrylate. See also Polymethylmethacrylate 
(PMMA) 

bone embedding in, 45, 48/ 

MFH. See Malignant fibrous histiocytoma 
Microfractures, 97, 97/ 182/ 


Microradiography, 45-47, 50/ 

Microscope, dissecting, 42, 43/ 

Microscopie examination, 43-52 
artifacts on, 52, 52f 
fluorescence labeling in, 50-52, 51/ 
frozen section for, 52, 52/ 
stains for, 45-52 
tissue décalcification for, 44, 47/ 
tissue fixation for, 43-44 
tissue préparation for, 43-45 
tissue washing for, 44-45 
Milkmans Unes, 201 

Minerai formation disturbances, 156-158 

alkaline phosphatase deficiency, 156-157, I56f 
157/ 158/ 

fluoride excess, 157-158, 158/ 159/ 

Minerai homeostasis disturbances 
calcium deficiency, 200-205. See also 
Hypocalcemia 

calcium excess, 192-200. See also Hypercalcemia 
soft tissue, 205. See also Calcification, soft tissue 
Mineralization lag time, 12 
Mitochondrium, 82/ 

Mixed sclerosing bone dystrophy, 368, 368/ 
Mononuclear cells, 88 

Monosodium urate crystals, 291, 292/ 293/ 294/ 
Morphologie bone abnormalities, 60-65 
ostéopénie, 62-64, 63/ 64/ 
sclerotic, 61-62, 62/ 
trabecular, 64-65, 65/ 66/ 

Morquio’s syndrome, 152-156, 154/ 154£, 155/ 
Morton s neuroma, 519-520, 519/ 520/ 

Mosaic pattern, in Paget s disease, 170, 174/ 
Moth-eaten appearance, 67, 68f 
Mucopolysaccharidoses, 152-155, 154/ 154£ 

Multiple myeloma, 484-485, 486/ 487/ 
amyloid in, 485, 487/ 
complications of, 485 
Multiple osteoblastoma, 375, 379/ 

Multiple osteochondromas, 402-404, 403/ 404/ 
malignant transformation of, 404, 404/ 

Muscle(s) 

atrophy of, 83, 83/ 

compartment syndrome in, 92-94, 93/ 94/ 

in fracture healing, I02f 

injury to, 91-94 

myocardial, 85/ 93/ 

necrosis of, 92-94, 93/ 94/ 

régénération of, 91-94, 92/ 93/ 

staining of, 48/ 

Mycobacterial infection, 130-132, 131/ 132/ See also 
Tuberculosis 
avian, 131/ 

Mycobacterium abscessus, 130-131 
Mycobacterium avium complex infection, 

130-132 

Mycobacterium chelonae , 130-132 
Mycobacterium fortuitum, 130-131 
Mycobacterium kansasii, 130-131 
Mycobacterium marinum , 130-131, 132, 132/ 
Mycobacterium tuberculosis infection. See 
Tuberculosis 

Mycotic infection, 133-134, 136/ 137/ 

Myelofibrosis, 61, 226-227, 228/ 
vs. peritrabecular fibrosis, 194-198 
Myelography, in Paget s disease, 176/’ 

Myeloma. See Multiple myeloma. Solitary (localized) 
myeloma 

Myelomeningocele, 94, 96, 97/ 

Myocardial infarction, 84, 85/ 93/ 

Myofibroma, 515-517, 516/ 

Myofibromatosis, 515-517, 516/ 

Myofibrosarcoma, 542, 543/ 

Myoglobinuria, 102 
Myolipoma, 521 
Myositis ossificans, 525-526 
circurnscripta, 526, 528/ 
progressiva, 525-526, 527/ 
radiography in, 76/ 
traumatic, 75, 76/ 

Myxofibrosarcoma, 542, 544/ 

Myxoid chondrosarcoma, extraskeletal, 

547-549, 549/ 

Myxoma, 432-434 


N 

Nasal cavity, chordoma of, 426/ 

Nasu-Hakola disease, 220, 220/ 

vs. traumatized fibrolipomatous tissue, 221/ 
Necrosis, 344. See also Osteonecrosis 
in arthritis, 239-241, 241/ 242/ 
aseptie vs. septic, 346 

avascular, of fémoral head. See Fémoral head, 
osteonecrosis of 
caseous, 87 

in compartment syndrome, 92-94, 93/ 94/ 
fracture-related, 99, 102/ 267-268, 269/ 
injury-related, 84-85, 84/ 
marrow, 84-85, 85/ 344, 345/ 
muscle, 92-94, 93/ 94/ 
in osteomyelitis, 122-125, 124/ 
septic vs. aseptie, 346 
Neisseria gonorrhoeae infection, 119-120 
Néonatal osteomyelitis, 112-113, 112/ 

Nerves 

benign lésions of, 519-521 
in Charcot’s spine, 312-314 
injury to, 94-96, 95/ 

Neurilemoma 
benign, 520, 521/ 
malignant, 543-546, 545/ 

Neuroblastoma 

vs. Ewing s sarcoma, 480 
Neurofibroma 

magnetic résonance imaging in, 76, 76/ 
solitary, 520-521, 521/ 522/ 

Neurofibromatosis, 103 

type 1, 520, 521, 521/ 543-545 
Neurofilament protein, 47 
Neurogenic claudication, 312 
Neuroma 

Mortons, 519-520, 519/ 520/ 
traumatic, 518-519, 518/ 

Neuropathie (Charcot’s) spine, 312-314, 314/ 
Neuropathy 
diabetic, 79 

médian nerve, 95-96, 95/ 96/ 

Neurosyphilis, 119-120, 121/ 312-314, 314/ 
Neutrophils, 88 
NF2, 520 

Niemann-Pick disease, 218 

Nitric acid, for décalcification, 44, 47/ 

Nitric oxide, 86 

Nitrogen, tissue accumulation of. See Décompression 
sickness 

Nodular fasciitis, 515, 516/ 

Nodular tenosynovitis, 529-530 
Nodule(s) 

in osteogenesis imperfecta, 147, 148/ 
in rheumatoid arthritis, 285, 289/ 290/ 
Non-Hodgkins lymphoma, 481-483, 482/ 
Nonionizing radiation imaging techniques, 58-60. 

See also Magnetic résonance imaging (MRI); 
Ultrasonography 

Nonmatrix-producing bone tumor. See also spécifie 
tumors 

benign, 449-476 
malignant, 478-492 
reactive/post-traumatic, 450-453 
Nonossifying fibroma, 430-432, 430/ 433/ 
âge and, 430/ 

imaging of, 68/ 430-431, 431/ 432/ 
location of, 430/’ 
specimen radiography of, 433/ 
storiform pattern in, 431-432, 433/ 

Nonspecific urethritis, 119 
Nonunion, 99,101/ 113/ 

Nora s lésion (bizarre parosteal osteochondromatous 
prolifération), 363-364, 363/ 364/ 
Normarski optics, 51-52, 51/ 

Notochordal rest, 426, 428/ 

Nuclear factor kappa-p ligand, 15 
Nucléus, 82/ 
pyknotic, 84, 84/ 

Nucléus pulposus, 20-21, 21/ See also Intervertébral 
dise 

Nutrient arteries, 10, 11/ 
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O 

Ochronosis, 265-266, 265 f 266 f 267/ 
vs. chronic hemorrhage, 301 
pigmentation in, 265, 266/ 267/ 
radiography in, 265, 266/ 

Odontoid process 

displacement of, 314-315, 315/ 
fracture of, 144 
hypoplasia of, 152 
OI. See Osteogenesis imperfecta 
Ollier s disease, 405, 407/ 
chondrocytes in, 405, 406/ 
in Maffucci s syndrome, 405, 407/’ 
malignant transformation in, 405 
radiography of, 405, 406/ 

Oncogenic osteomalacia, 204-205, 204 f 
Onion skin appearance, in Ewing s sarcoma, 478, 479/ 
OPG (osteoprotegerin), 190-191 
OPL. See Posterior longitudinal ligament, 
ossification of 

Orthopaedic device-related infection, 113-114, 114 f, 
327-329, 328* 
culture for, 328 

frozen section for, 328-329, 329 f 
Orthopaedic implants, 52, 321-342 
allergy/hypersensitivity to, 331 
ankylosing hyperostosis and, 317 
cemented 

bone-cement interface with, 326, 326/ 
cernent mande with, 326, 326/ 
failure of, 332, 335/ 
nonfailed, 326, 326/ 
ceramic, 323-324 

failure of, 335-336, 341/ 
complications of 

infectious, 327-329, 328*, 329/ 
local, 327-329, 328* 
systemic, 328*, 331, 333/ 334/ 
technical, 329, 329/ 
débris déposition with, 324, 325/ 
hétérotopie bone formation with, 319/ 
historical perspective on, 322-323, 323/ 
infection with, 113-114,114/ 327-329, 328* 
culture for, 328 

frozen section for, 52/ 328-329, 329/ 
lucite, 323/ 

lymph node débris from, 331, 333/ 334 f 
métal, 323-324, 324/ 

allergy/hypersensitivity to, 331 
bone-implant interface with, 326-327, 327/ 328/ 
cytologie effects of, 324 
débris déposition with, 324, 325/ 327, 334 f 
failure of, 333-334, 335/ 336/ 
hypersensitivity reaction to, 331 
noncemented 

bone-implant interface with, 326-327, 327/ 328/ 
failure of, 332-333 
nonfailed, 326-327 
osteoporosis and, 331-332 
polyethylene, 323-324 

débris déposition with, 331, 331/ 333/ 
failure of, 334, 334/ 337/ 338/ 339/ 
fémoral head migration into, 331/ 
synovial reaction with, 334 f 
polymethylmethacrylate cernent in, 323-324, 323/ 
324/ 334-335, 339/ 340/ 
hypotension with, 331 
tissue effects of, 324, 326, 326/ 
pseudotumors and, 329-331, 331/ 332/ 
pulmonary débris from, 331 
Silastic, 326/ 

tissue response to, 335, 341/ 
systemic complications of, 331 
tissue response to, 324, 325/ 
total replacement, 327-329, 328* 
infection with, 327-329, 328*, 329/ 
local complications of, 327-329 
technical failure of, 329, 329/ 
tumors and, 329, 330/ 

Os calcis, infarction in, 344 f 
Osgood-Schlatter s disease, 97-98, 99/ 346-347, 

348/ 


Ossification 

anterior longitudinal ligament, 317, 317/ 
intervertébral dise, 310-311, 311/ 
posterior longitudinal ligament, 317, 318/ 
secondary center of, 32, 34 f 35/ 
tumor matrix, 69 

Ossifying fibromyxoid tumor of soft tissue, 542-543, 
544/ 

Osteitis deformans. See Paget’s disease 

Osteitis fibrosa cystica. See Hyperparathyroidism 

Osteoarthritis, 235-236, 254-265. See also Arthritis; 
Articular cartilage 
autopsy studies of, 261-262, 262* 
axial. See Spondylosis 

calcium pyrophosphate dihydrate déposition 
disease and, 294-295 

cartilage lésions in, 242-244, 244/ 245/ 260-261, 
260/ 

Charcot s, 120, 254, 255/ 
radiography in, 79, 79/ 255/ 
radionuclide imaging of, 57/ 
clinical considérations in, 254 
crystal déposition in, 87 
cytokines in, 86 
définition of, 254 
erosive, 254, 256/ 
generalized, 254, 255/ 
of hand, 254, 255/ 
historical perspective on, 263-265 
joint shape changes in, 236, 238/ 
natural history in, 261-265, 262 b, 262* 
nodal, 254 
vs. ochronosis, 265 
osteonecrosis with, 347, 350/ 
osteophytes in, 257-260, 258/ 259/ 263 
in Paget’s disease, 166, 1 67f 
pannus in, 250 f 

pathologie findings in, 254-261, 256/ 257/ 
cartilaginous, 260-261, 260/ 
osteophytes and, 257-260, 258/ 259/ 
radiographie corrélations with, 263, 264 f 
specimen radiography of, 257/ 259 f 
synovial, 261, 261/ 262/ 
patterns of, 254, 254/ 255/ 256/ 
radiographie staging of, 262-263, 263/ 264/ 
pathologie corrélations with, 263, 264 f 
radiography in, 79, 79/ 
radionuclide scanning in, 57, 58/ 
rapidly destructive, 269-273, 271/ 272/ 273/ 
secondary, 254 f 261 
senile, 54 

single-joint, 254, 254/ 

spinal. See Spondylosis 

stage I of, 262, 263, 263/ 264/ 

stage II of, 262, 263, 263/ 

stage III of, 262, 263, 263/ 264/ 

subarticular cysts in, 245, 246/ 

synovial membrane in, 84, 84£ 261, 261/ 262/ 

wear-and-tear theory of, 265 

Osteoarthropathy, pulmonary, hypertrophie, 
116-117, 117/ 

Osteoblast(s), 6-7, 12/ 14/ 15*, 16*, 18/ 
active, 11, 12/ 13/ 
in fibrous dysplasia, 439/ 
in hyperosteoidosis, 200, 200/ 201/ 
in hyperparathyroidism, 190 f 
in hyperphosphatasia, 172-173, 177/ 
inactive, 11, 12/ 
in juvénile Paget’s disease, 177/ 
in osteoblastoma, 375, 377/ 
in osteofibrous dysplasia, 440, 442/ 
in osteogenesis imperfecta, 148-149, 149/ 
in osteoid osteoma, 372/ 375/ 
in osteoma, 369, 370 f 
in osteoporosis, 180-181,183/ 
in osteosclerosis of obscure etiology, 179/ 
in Paget’s disease, 173/ 
stains for, 47 

Osteoblastoma, 374-376, 377/ 
âge and, 374, 376/ 
aggressive, 375, 378/ 
curettage for, 375, 377/ 
imaging of, 374-375, 376/ 377/ 
location of, 374, 376/ 


Osteoblastoma ( Continued) 
multiple, 375, 379/ 
vs. osteoid osteoma, 374-375 
vs. osteomyelitis, 375 
spinal, 374, 376/ 

Osteocalcin (bone Gla protein), 15-16 
Osteocartilaginous exostosis. See Osteochondroma 
Osteochondral loose bodies, 245-248, 24(/ 247/ 248/ 
249/ 

Osteochondritis dissecans, 273-274, 273/ 274£ 346-347 
Osteochondroma(s), 400-402 
âge and, 400, 400/ 

vs. bizarre parosteal osteochondromatous proliféra¬ 
tion, 363 

cartilage cap of, 401-402, 401/ 403/ 
epiphyseal, 404-405, 404 f 
formation of, 400, 40C )f 
location of, 400, 400/ 
multiple, 402-404, 403/ 404/ 

malignant transformation of, 404, 404 f 
radiography of, 70/ 71/ 72/ 400-401, 401/ 402/ 
Osteochondrosis, 310-311, 310/ 311/ 

Osteoclast(s), 12-15,14/ 15/ 15*, 18/ 
in chondromyxoid fibroma, 415/ 
in fibrous dysplasia, 436, 439/ 
in hyperparathyroidism, 194-198 
in osteoblastoma, 375, 377/ 
in osteogenesis imperfecta, 148-149 
in osteoid osteoma, 372/ 373, 375/ 
in osteoma, 369, 370/ 
in osteopetrosis, 164, 165/ 
in osteoporosis, 165/ 180-181, 183/ 18 4f 
in Paget’s disease, 167, 173/ 
stains for, 47 

in tunneling (dissecting) résorption, 194-198,197/ 
Osteoclastogenesis, 190-191 
Osteocyte(s), 11-12, 12/ 13/ 14/ 
apoptosis of, 86-87 
in fluorosis, 158-159 
in hyperparathyroidism, 194-198 
lacunae of, 17/ 

in fluorosis, 158-159 
in fracture, 98 
in necrosis, 84-85, 85/ 

in osteogenesis imperfecta, 18 f 148-149, 149/ 
Osteocytic canaliculi, 12, 13/ 14 f 
Osteocytic osteolysis, 194-198 
Osteocytic processes, 12,13/ 14 f 
Osteofibrous dysplasia, 438-441, 441/ 442/ 
adamantioma and, 441 
Osteogenesis imperfecta, 142-149, 142/ 
articular surface enlargement in, 147, 147/ 
bag of popcorn appearance in, 146-147,146/ 
blue sclerae in, 143-144, 144/" 
cartilaginous nodules in, 147, 148/ 
cellular defects in, 148 
clinical évaluation of, 142-144 
collagen synthesis in, 143-144,144* 
dentin abnormalities in, 143-144, 144 f 
differential diagnosis of, 144-146 
epiphyseal abnormalities in, 147-148, 147*, 

148/ 149 

fracture in, 143, 143/ 144, 145/ 146/ 147, 147/ 147* 

growth plate in, 147-148, 148/ 149 

hypercellular bone in, 148-149, 14S/ 

immature bone in, 18/ 

intramedullary rod treatment in, 144 

osteoblasts in, 148-149, 149/ 

ostéocytes in, 18/ 148-149, 149/ 

osteoporosis in, 144, 145/ 

pathologie features of, 147-149 

radiography in, 144-147, 145/ 146/ 147* 

skull in, 144, 145/ 

tissue abnormalities in, 148-149 

type I, 142 

type II, 142, 144, 145/ 

type III, 142 

type IV, 142-143 

type V, 143 

type VI, 143 

type VII, 143 

type VIII, 143-144 

vertébral fracture in, 144, 145/ 

wormian bones in, 144, 145/ 
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Ostéogénie sarcoma. See Osteosarcoma 
Osteographia, 2, 2/ 

Osteoid, 12,12/ 13/ 14/ 
aluminum-related, 194, 195/ 
in fluorosis, 158-159 
increase in, 200-201, 200/ 201/ 
in osteomalacia, 201-202, 202/ 
in osteoporosis, 180-181, 183/ 
in osteosclerosis of obscure etiology, 179/ 
staining of, 49 f 
in vitamin D deficiency, 19 Of 
Osteoid osteoma, 370-374 
âge and, 370, 371/ 
vs. Brodie’s abscess, 125 
of fémur, 372/ 
of finger, 372/ 
imaging of, 73/ 
location of, 370, 371/ 

nidus (lucent zone) of, 45/ 371, 371/ 372/ 373, 374/ 
375/ 

of os calcis, 373/ 

vs. osteoblastoma, 375 

specimen radiography in, 42, 45/ 373, 375/ 

ofspine, 371-373, 374/ 

synovitis with, 371-373 

of toe, 371/ 

Osteoid seam, 12/ 13/ 14/ 
in hyperosteoidosis, 200, 200/ 
in osteogenesis imperfecta, 148 
Osteologia Nova, 2, 2f 
Osteolysis 

in adamantinoma, 446, 44// 
idiopathic, 185-187 
implant-associated, 113-114, 114/ 
massive (Gorham’s), 186-187, 186/ 
in mastocytosis, 469/ 
osteocytic, 194-198 
in osteofibrous dysplasia, 440, 441/ 
in osteoporosis, 185/ 

Osteoma 

cal variai, 368-370, 368/ 
colonie polyps and, 369-370 
facial, 368-370, 370/ 
knee, 369/ 

osteoid. See Osteoid osteoma 
Osteomalacia, 63, 63/ 200-202, 2016, 202/ 
aluminum-related, 194 
in Fanconi s syndrome, 205 
in hypophosphatemia, 204-205 
oncogenic, 204-205, 20/ 
radiography in, 63, 63/ 6/ 201, 201/ 

Osteomyelitis 

Actinomyces israeli in, 114,11/ 115 f 
amyloidosis and, 115 
biofilm in, 114-115 
blood culture in, 122, 12/ 
vs. bone tumor, 75, 75/ 
chronic, 114-115, 115/ 
differential diagnosis of, 110, 11 Of, 112, 11 2f 
fracture-related, 113, 113/ 
in Gauchers disease, 126-127, 218, 218/ 
hematogenous, 110-112 
in adult, 110-112 
in children, 110, 111/ 
differential diagnosis of, 112, 112/ 
in elderly individuals, 111-112, 112/ 
in intravenous drug users, 110-111, 111/ 12/ 
sites of, 110, 111/ 
historical perspective on, 110 
iatrogénie, 113-114, 11/ 
imaging of, 120-122, 123/ 
inflammatory response in, 122-125, 12/ 126/ 
involucrum in, 125, 125/ 
joint spread of, 118,118/ 
magnetic résonance imaging in, 120-121, 123/ 
morbid anatomy of, 122-127,12/ 125/ 
multifocal, récurrent, chronic, 115-116, 116/ 
necrosis in, 122-125, 12/ 
néonatal, 112-113,112/ 
vs. osteoblastoma, 375 
vs. osteoid osteoma, 371 
in osteopetrosis, 126-127 
polyostotic, 112-113,112/ 
radionuclide scanning in, 57/ 121-122, 123/ 


Osteomyelitis ( Continued) 

Salmonella in, 125-126, 127/ 
sequestrum in, 125, 125/ 
in sickle cell disease, 125-126, 126/ 225, 226/ 
spinal, 120,122/ 

squamous cell carcinoma and, 115 
surgery and, 113-114, 11/ 
vs. transient osteoporosis, 185 
trauma-related, 113-114, 113/ 

Osteon, 17-18, 17/ 
calcium content of, 50/ 
primary, 17-18 
secondary, 17-18 
Osteonecrosis, 42, 4/ 84-85, 85/ 

in chronic récurrent multifocal osteomyelitis, 

116, 116/ 

in connective tissue disease, 346 
cortisone-related, 349/ 

creeping substitution of, 344-345, 346, 349-350, 
351/ 352/ 353, 355/ 

in décompression sickness (caisson disease), 
345-346, 346/ 
evidence of, 84-85 
examination methods for, 42, 4/ 
fémoral head. See Fémoral head, osteonecrosis of 
fracture-related, 99, 101/ 102/ 
of knee, 268-269, 270/ 
in osteomyelitis, 122-125, 12/ 
vs. subchondral insufficiency fracture, 266-268, 
267/ 269/ 

Osteopathia striata, 368, 368/ 

Osteopenia, 175-187, 180/ 180 t.See also 
Osteomalacia; Osteoporosis 
age-related. See Osteoporosis, type II (senile) 
cell atrophy and, 83 
définition of, 175 

in Ehlers-Danlos syndrome, 150, 15 Of 
in Gaucher s disease, 216-218, 217/ 
generalized, 62-63, 63/ 64/ 
in hemophilia, 299-300, 300/ 
in idiopathic osteolysis, 185-186 
radiography in, 62-64, 63/ 6/ 
régional, 63-64, 6/ 

subchondral insufficiency fracture and, 267-268, 
267/ 268/ 

Osteopetrosis, 61, 62/ 162-165 
benign, 162 

bone marrow transplantation in, 165 
cartilage persistence in, 163-164, 165/ 
clinical présentation of, 162 
Erlenmeyer flask deformity in, 162, 162/ 163, 16/ 
fracture in, 98, 162, 163/ 
genetic mutations in, 164-165 
osteoclasts in, 164, 165/ 
osteomyelitis in, 126-127 
radiography in, 162, 163/ 16/ 
severe (malignant), 162-163 
specimen radiography in, 16/ 
stripped appearance in, 162-163, 16/ 
Osteophytes, 257-260 

of distal interphalangeal joints, 255-257 

of fémoral head, 238/ 

of fémoral neck, 258/ 

formation of, 257, 258/ 259/ 263 

of great toe, 255-257, 257/ 

of hip, 255-257, 257/ 259/ 

in intervertébral dise displacement, 

307-308, 307/ 

location of, 255-257, 257/ 258/ 
radiography of, 79, 79/ 257/ 
in spondylosis, 311, 312/ 313/ 

Osteopoikilosis, 62, 364, 366/ 

Osteoporosis, 63 

bone volume in, 180-181, 183/ 
in Ehlers-Danlos syndrome, 150, 15/ 
fracture in, 178, 182/ 
generalized, 175-183,180/ 
ofhip, 181/ 

radiography in, 178, 181/ 182/ 
specimen radiography in, 182/ 
ofspine, 178-180, 181/ 182/ 
in hemophilia, 299-300, 300/ 
implant interaction with, 331-332 
localized (transient), 183-185 


Osteoporosis ( Continued) 
of foot, 18/ 
ofhip, 64, 185/ 

ischémie changes in, 183-185,185/ 
of knee, 185/ 
radiography in, 18/ 185/ 
specimen radiography in, 18/ 
vs. multiple myleoma, 485 
in osteogenesis imperfecta, 145/ 
osteoid in, 180-181, 183/ 
vs. osteonecrosis, 267-268, 267/ 
in pregnancy, 183,185/ 
radiography in, 45/ 63, 63/ 
radiolucency of, 45/ 
in scurvy, 150 

in sickle cell disease, 222-223 
sodium fluoride in, 158, 158/ 
specimen radiography in, 45/ 
subchondral insufficiency fracture and, 266-268,267/ 
in thalassemia, 227/ 
trabeculae in, 181, 18/ 
treatment of, 158, 158/ 182-183 
type I (postmenopausal), 177,178,1811,183/ 
hip fracture in, 267-268, 267/ 268/ 
type II (senile), 177,178, 180-181, 1811, 183/ 
Osteoporosis circurnscripta, 167-168, 16/ 
Osteoprotegerin, 190-191 
Osteosarcoma (ostéogénie sarcoma), 376-386 
central, high-grade, 380-382 
âge and, 380-381, 380/ 

Codmans triangle in, 381-382, 382/ 
location of, 380-381, 380/ 
lytic, 381-382, 381/ 
matrix in, 382, 383/ 38/ 

periosteal new bone formation in, 381-382, 381/ 
in Rothmund-Thompson syndrome, 382, 387/ 
sclerotic, 381-382, 381/ 
soft tissue expansion of, 381-382, 381/ 
sunburst appearance in, 381-382, 381/ 
telangiectatic, 382, 385/ 386/ 
central, low-grade, 382-383, 389/ 
sclerotic, 382-383, 388/ 
classification of, 376, 380/ 
définition of, 376, 380/ 
differential diagnosis of, 376-378, 380& 
in dog, 329, 330/ 
high-grade, 378-380, 380/ 
ofhip, 354, 356/ 
implant-related, 329 
intracortical, 385, 396/ 
low-grade, 378-380, 380/ 
multifocal, 378 

parosteal, low grade (juxtacortical), 383-385, 392/ 
393/ 

âge and, 383, 391/ 
genetics of, 385 
imaging of, 383, 391/ 393/ 
location of, 383, 391/ 
treatment of, 385 
periosteal, 385, 39/ 395/ 

radiography in, 69, 69/ 381/ 387/ 388/ 391/ 393/ 
394/ 395/ 

soft-tissue (extraskeletal), 546-547, 548/ 
surface, high grade, 385 
treatment of, 385-386 

Osteosclerosis, 162-175. See also Osteopetrosis; 

Paget’s disease 

Camurati-Engelmann, 173-175, 179/ 
medullary, monomelic, localized, 173,178/ 
of obscure etiology, 175, 179/ 

Oxalosis, 212 

crystals in, 212, 213/ 
primary, 212, 21/ 
radiography in, 212, 212/ 
secondary, 212 


p 

Paget s disease, 165-173 
alkaline phosphatase in, 167 
arthritis in, 166, 167/ 
bowing in, 166, 167/ 
burnt out phase of, 170, 17/ 
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Paget’s disease ( Continuéei) 
cernent Unes in, 174 f, 1 76f 
clinical présentation of, 165-166, 166 b 
fracture in, 98, 166 
genetic factors in, 166-167 
giant cell tumor in, 167, 169/ 170, 176/ 386-388 
historical perspective on, 165, 1 66f 
hypercalciuria in, 167 
vs. hyperparathyroidism, 168-170 
vs. hyperphosphatasia, 173 
imaging in, 61-62, 62/ 65/ 
incidence of, 166 

intranuclear inclusions in, 167,169/ 
juvénile, 171-173, 177/ 
laboratory findings in, 167 
metacarpal, 166/ 
mosaic pattern in, 170, 174 f 
osteoclasts in, 167,168-170,173/ 
osteoporosis circurnscripta in, 167-168, 169f 
picture framing characteristic of, 17C )f 171/ 
pseudosarcoma in, 170-171, 177/’ 
pumice-like appearance in, 170 f 
radiography in, 167-168 
of fémur, 168, 171/ 177/ 
of hand, 166/ 
ofhip, 167/ 
of humérus, 175/ 
of radius, 172/ 
of skull, 169/ 175/ 
of spine, 168, 170/ 171/ 176/ 
of tibia, 167/ 168,172/ 173/ 
radionuclide imaging in, 168, 172/ 173/ 
sarcoma in, 170, 175/ 176/ 386-388, 397/ 
sites of, 166, 166/ 
specimen radiography in, 168/ 
spongy appearance in, 170 f 
urinary hydroxyproline in, 167 
Pain, bone 
acute, 70-71 
chronic, 71-72, 73/ 

Palmar fibromatosis, 511-514, 513/ 514/ 

Pannus, 250, 250/ 

in rheumatoid arthritis, 282, 286/ 288/ 

Paraffin embedding, 45, 48/ 

Paraformaldéhyde fixation, 45 
Paraplegia 

in myeloma, 485 
in tuberculosis, 127-128 
Parasite infection, 134 
Parathyroid glands, 194 f 

adenoma of, 192-193, 195/ See also Hyperpara¬ 
thyroidism 
régulation of, 190 
Parathyroid hormone (PTH), 15£ 

in calcium homeostasis, 190-191, 192/ 
excess of. See Hyperparathyroidism 
function of, 190-191 
in hypomagnesemia, 205 
in osteomalacia, 201 
in pseudohypoparathyroidism, 202-203 
régulation of, 190 

Parathyroid hormone-related protein, 87, 198-200 
Parosteal, low grade (juxtacortical) osteosarcoma, 
383-385, 392/ 393/ 
âge and, 383, 391/ 
genetics of, 385 
imaging of, 383, 391/ 393/ 
location of, 383, 391/ 
treatment of, 385 

Parosteal osteochondromatous prolifération, bizarre, 
363-364, 363/ 364/ 

Patella 

calcium pyrophosphate dihydrate déposition in, 
296/ 

chondromalacia of, 260 f 
degenerative disease of, 46 f 
fibrillation of, 238/ 
fracture of, 238/ 
hemangioma of, 46C )f 
osteoblastoma of, 379/ 
osteosarcoma of, 387/ 
synovial hyperplasia around, 87/ 

Patellar tendon, rupture of, 94 f 
Patient âge. See Age 


Pelvis 

amyloidosis of, 215/ 
avulsion fracture of, 97-98, 98/ 
chondrosarcoma of, 72/ 
chronic récurrent multifocal osteomyelitis of, 
115-116, 116/ 
in congénital syphilis, 314 f 
in juvénile Paget s disease, 177/ 
osteoblastoma of, 377/ 
osteopetrosis of, 62/ 
osteoporosis of, 181/ 
osteosarcoma of, 389/ 
oxalosis of, 212/ 

Paget s disease of, 65/ 
sarcoidosis of, 135/ 

Periosteal chondroma, 408, 411/ 

Periosteal desmoid tumor, 430, 430 f 
Periosteal osteosarcoma, 385, 394/ 395/ 

Periosteum, 9-10, 10/ 11/ 33/ 
blood supply of, 10-11, 11/ 
cambium layer of, 10, 11/ 
embryonic, 30-32, 31/ 
fibrous layer of, 10,11/ 
post-traumatic reaction in, 9-10, 10 f 
Periostitis 

reactive, florid, 362, 362/ 
syphilis-related, 121/ 

Peripheral nerves 

benign lésions of, 519-521 
injury to, 94-96, 95/ 

Peritrabecular fibrosis, 194, 197/ 

Peroxidase, 88-90 

PET. See Positron émission tomography (PET) 
Phagocyte, 88-90, 89/ 

Phalanges 

bizarre parosteal osteochondromatous prolifération 
of, 363/ 364/ 
chondroma of, 451/ 529/ 
enchondroma of, 40 8f 
epidermoid inclusion cyst of, 450, 450 f 
Exophiala jeanselmei infection of, 134, 1 37f 
fibrous dysplasia of, 436 f 
giant cell tumor of, 530/ 
glomus tumor of, 451/ 
goût of, 78/ 

hemangiomatosis/lymphangiomatosis of, 461/ 
Hodgkins lymphoma of, 482/ 
in hyperparathyroidism, 196 f 
in hypertrophie pulmonary osteoarthropathy, 1 17f 
juxtacortical chondroma of, 411/ 
lymphoma of, 482/ 
metastatic disease of, 495/ 
osteoarthritis of, 255/ 
osteoid osteoma of, 371/ 372/ 
osteomyelitis of, 126 f 
osteosarcoma of, 387/ 
pigmented villonodular synovitis of, 502/ 
reactive periositis of, 362/ 
sarcoidosis of, 132-133,134/ 
in sickle cell disease, 66/ 224 f 
Phleboliths, in hemangioma, 523-524, 525/ 
Phosphoethanolaminuria, 156-157, 156/ 157/ 158/ 
Phosphorus. See also Hyperphosphatasia; 

Hyperphosphatemia; Hypophosphatasia; 
Hypophosphatemia 
homeostasis of, 190-192, 191/ 192/ 

Photography, 42-43, 46/ 

Physaliphorous cells, 427/ 

Physis. See Growth plate 
Picture-frame appearance, 168, 170/ 171/ 

Pigeon, goût in, 293/ 

Pigmented villonodular synovitis (PVNS), 501-506, 
506/ 

collagen in, 504-505, 507/ 
differential diagnosis of, 505, 508/ 
genetics of, 505-506 
giant cells in, 504-505, 506/ 
vs. hemophilia, 300-301 

vs. hemosiderotic synovitis, 108, 108/ 485, 486/ 
imaging of, 502-504, 502/ 503/ 504/ 
of knee, 504, 505/ 

pseudosarcomatous appearance in, 504-505, 507/ 
specimen radiography in, 50 3f 
synovial membrane in, 250-251, 251/ 


Plantar fibromatosis, 514 
Plasma cell(s), 90, 90/ 

in éosinophilie granuloma, 462-463, 465/ 
in multiple myeloma, 485, 487/ 
in rheumatoid arthritis, 283/ 508/ 
in Rosai-Dorfman disease, 468/ 

Plasmacytoma, 485, 488/ 489/ 

Platelet-derived growth factor, 16£ 

Pleomorphic hyalinizing angiectatic tumor, 506, 509f 
Pleomorphic liposarcoma, 535, 535£, 536 f 
PMMA. See Polymethylmethacrylate (PMMA) 
POEMS syndrome, 485 
Polarized light microscopy, 45-47, 51-52, 51/ 
in amyloidosis, 214, 216/ 

for synovial fluid examination, 298-299, 299/ 300 f 
Polyethylene implant, 323-324 
asteroid bodies with, 334, 337/ 
carbon filaments with, 334, 339/ 
débris déposition with, 331, 331/ 333/ 
failure of, 334, 334/ 337/ 338/ 339/ 
fémoral head migration into, 331/ 
synovial re action with, 334 f 
Polymethylmethacrylate (PMMA), 323-324, 323/ 
334-335, 339/ 340/ 

barium sulfate with, 323-324, 324/ 328-329, 
334-335, 340/ 

bone-cement interface with, 326, 326 f 
of failed implant, 332, 335/ 
foamy histiocytes with, 334-335, 340/ 
in frozen-tissue section, 334-335, 339/ 
hypotension with, 331 
improper placement of, 329, 329/ 
mantle of, 326, 326 f 
necrotic rim with, 326 
in paraffin section, 334-335, 340/ 
tissue effects of, 324, 326, 326/ 
two-phase nature of, 324/ 
zirconium with, 335, 340/ 

Polymorphonuclear leukocytes, 88-90, 8 9f 
in joint infection, 280, 280/ 
in osteomyelitis, 124/ 
in rheumatoid arthritis, 281, 281/ 284/ 
in septic arthritis, 119, 120/ 280/ 

Polyostotic fibrous dysplasia, 69-70, 436-438, 440/’ 
Polyostotic osteomyelitis, 112-113, 112/ 

Polyps, colonie, 369-370 
Popliteal cyst, 282, 287/ 292/ 

Positron émission tomography (PET), 57-58 
in lymphoma, 58/ 
in osteoblastoma, 37 9f 

Post-traumatic tumors. See also spécifie tumors 
bone-forming, 362-364 
fibrous, 430-432 
nonmatrix-producing, 450-453 
Posterior longitudinal ligament, ossification of, 317, 
318/ 

Potts disease, 127-128 
Pregnancy, osteoporosis in, 183, 185/ 

Primary hyperlipidemia, 218-220, 219/ 

Primitive bone. See Woven bone 
Primitive neuroectodermal tumor. See Ewing’s 
sarcoma 

Programmed cell death, 85-86, 86/ 

Progressive diaphyseal dysplasia, 173-175, 179/ 
Prolapse, intervertébral dise, 305, 305/ 

Prostate cancer 
metastatic, 495/ 
osteomalacia with, 204-205 
Prosthetic implant. See Orthopaedic implants 
Proteoglycans, 4, 5, 7/ 
antibodies against, 48 
diminished staining of, 235, 237/ 241/ 
metalloproteinase breakdown of, 244 
staining of, 25-26, 25/ 48/ 49/ 241/ 
synthesis of, 6/ 

zonal distribution of, 25-26, 25/ 

Proteus syndrome, 521 
Pseudo-(neurogenic) claudication, 312 
Pseudoarthrosis, congénital, 102-103, 104/ 105/ 
Pseudogout, 78/ 295. See also Calcium pyrophosphate 
dihydrate déposition disease 
tophaceous, 298, 298/ 

Pseudohyperparathyrodism, 198-200 
Pseudohypoparathyroidism, 202-203 
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Pseudomonas aeruginosa, 110-112, 113-114 
Pseudosarcoma 

nodular fasciitis as, 515, 516/ 
in Paget’s disease, 170-171, 177/ 
post-traumatic, 97-98, 98/ 99-100 
Pseudotumor 

in hemophilia, 299-300, 301/ 
implant-related, 329-331, 331/ 332/ 

Psoriasis, 78-79, 280, 289 
Psoriatic arthritis, 289, 292/ 

Pubic rami, incomplète closure of, 72/ 

Pubis, myositis ossificans circurnscripta of, 528/ 
Pulmonary osteoarthropathy, hypertrophie, 116-117, 
117/ 

Pustulosis palmoplantaris, 116 

PVNS. See Pigmented villonodular synovitis (PVNS) 

Pyknosis, 84, 84 f 

Pyogénie infection, 110. See also Osteomyelitis 
Pyogénie spondylitis, 120,122/ 

Q 

Quantitative computed tomography, 180 
Quinacrine. See Fluorescent stain 

R 

RA. See Rheumatoid arthritis 
Rachitic rosary, 202, 203/ 

Radial head. See also Radius 
rheumatoid arthritis of, 286 f 
Radiation therapy, sarcoma after, 388, 398/ 
Radiography, 42, 44/ 45/ 46/ 54-55, 54/ 

in abnormal trabecular pattern, 64-65, 65/ 66f 

in Achilles tendon xanthoma, 219/ 

in actinomycosis, 114/" 

in adamantinoma, 446, 447/’ 

in amyloidosis, 214/215/ 

in aneurysmal bone cyst, 454-455, 457/ 

in angiosarcoma, 491/ 

in ankylosing hyperostosis of spine, 317, 318/ 
in ankylosing spondylitis, 316 f 
in avian tuberculosis, 131/ 
in avulsion fracture, 98/ 99 f 
in benign fibrous histiocytoma, 431-432, 434 f 
in bizarre parosteal osteochondromatous proliféra¬ 
tion, 363, 364/ 
in blastomycosis, 133, 136 f 
in bone infarction, 345, 345/ 
in bone metastasis, 55/ 
in bone tumor, 74-75 
bone within bone appearance on, 61, 62/ 
in brown tumor, 198/ 199/ 
in calcifying aponeurotic fibroma, 514 f 
of Charcot s joint, 79, 79/ 255/ 
in chondro-osseous dysplasia, 159/ 
in chondroblastoma, 67, 67/ 410-412, 412/ 414/ 
in chondroma, 67, 67 f 
in chondromyxoid fibroma, 414, 415/ 
in chondrosarcoma, 71/ 72/ 417, 418/ 420/ 
in chordoma, 425, 426/ 
in chronic bone pain, 71-72, 73/ 
in chronic récurrent multifocal osteomyelitis, 116 f 
in clear cell chondrosarcoma, 423/ 424/ 
in coccidioidomycosis, 136/ 

Codman’s triangle on, 69, 69/ 
in congénital dislocation of hip, 276/ 
in congénital syphilis, 121/ 314 f 
cortical bone destruction on, 54, 55/ 
in cortisone-related osteonecrosis, 349/ 
in CPPD, 295, 295/ 
in cryptococcosis, 134 
in décompression sickness, 346, 346/ 
in dermatomyositis, 295/ 
in desmoplastic fibroma, 441-443, 442/ 
digital, 54-55 

in dysplasia epiphysealis hemimelica, 404/ 405/ 
in enchondroma, 406-408, 408/ 409/ 
in endochromatosis, 405, 406/ 
in éosinophilie granuloma, 462, 464/ 
in epidermoid inclusion cyst, 450-451, 450/ 451/ 
in erosive osteoarthritis, 256 f 


Radiography ( Continued) 

in Ewing s sarcoma, 478, 478/ 479/ 
in Fanconi’s syndrome, 205 

in fémoral head osteonecrosis, 353/ 356 f 3571, 358 

in fémoral osteosarcoma, 356 f 

in fibromatosis, 512/ 

in fibromyxoma, 416/ 

in fibrosarcoma, 443-444, 444/ 

in fibrous dysplasia, 69, 72/ 435, 435/ 436/ 

437/ 440/ 

in florid reactive periostitis, 362, 362/ 
in Freiberg’s disease, 348/ 
in ganglion cyst, 452/ 
in Gaucher s disease, 216-218, 217/ 218/ 
in giant cell reparative granuloma, 458/ 
in giant cell tumor, 69/ 471, 471/ 472/ 
in Gorham’s massive osteolysis, 186-187, 186/ 
in goût, 78, 78/ 291 
in gross examination, 42, 44£ 45/ 46 f 
ground glass appearance on, 69, 7 2f 
in hemangioma, 65, 66f 
in hemangiopericytoma, 490, 491/ 
in hemochromatosis, 222, 222/ 
in hemoglobinopathy, 64-65, 65/ 66/ 
in hemophilia, 299-300, 300/ 301/ 
in Hodgldn’s disease, 483, 483/ 
in hyperparathyroidism, 194, 196/ 197/ 
in hypertrophie pulmonary osteoarthropathy, 116, 
117/ 

in hypophosphatasia, 156/ 

in incomplète pubic ramus closure, 72/ 

in infantile cortical hyperostosis, 117-118, 118 f 

in infantile septic arthritis, 280/ 

in intraosseous hemangioma, 459, 460 f 

in joint disorders, 78-79, 78/ 79/ 

in juvénile Paget s disease, 177/ 

in juxtacortical chondroma, 408, 411/ 

in Kienbock’s disease, 347/ 

in knee osteoma, 369/ 

in Kôhler s disease, 347/ 

in Legg-Calvé-Perthes disease, 355-358, 357/ 358/ 
in leukemia, 483-484, 484 f 
in lipid granulomatosis, 463, 466/ 467/ 
in lipoma, 475, 475/ 476/ 522/ 
in liposclerosing myxofibrous tumor, 44C/ 
in malignant fibrous histiocytoma, 68/ 444-445, 
445/ 

in Marfan’s syndrome, 153/ 
in melorheostosis, 62, 62/ 367/ 
in membranous lipodystrophy, 220, 220 f 
in meningomyelocele, 97/ 
in metastatic cancer, 492, 494 f 495/ 542/ 
in mixed sclerosing bone dystrophy, 368/ 
in Morquio’s syndrome, 155/ 
moth-eaten appearance on, 110/ 
in multiple myeloma, 485, 486 f 
in multiple osteochondromas, 403/ 
in myelofibrosis, 226-227, 228/ 
in myositis ossificans circurnscripta, 528/ 
in myositis ossificans progressiva, 527/ 
in non-Hodgkins lymphoma, 481, 481 2f 
in nonossifying fibroma, 430-431, 431/ 432/ 
in ochronosis, 265, 266 f 
in Osgood-Schlatter s disease, 348/ 
in ossifying fibromyxoid tumor of soft tissue, 544/" 
in osteoarthritis, 55/ 262-263, 263 f 264 f 
in osteoblastoma, 376/ 377/ 379/ 
in osteochondritis dissecans, 274 f 
in osteochondroma, 70 f 71/ 72/ 400-401, 401/ 
402/ 

in osteofibrous dysplasia, 441/ 
in osteogenesis imperfecta, 144-147, 145/ 146£ 
1471 

in osteoid osteoma, 73 f 371/ 372 f 373/ 
in osteomalacia, 63, 63/ 64f, 201, 201/ 
in osteomyelitis, 75/ 110/ 111/ 112/ 
in osteopathia striata, 368 f 
in osteopenia, 62-64, 63/ 64/ 
of osteophytes, 257/ 
in osteopoikilosis, 366/ 
in osteoporosis, 63, 63/ 

in osteosarcoma, 69, 69/ 356/ 381/ 387/ 388/ 391/ 
393/ 394/ 395/ 
in oxalosis, 212, 21 2f 


Radiography ( Continued) 
in Paget’s disease, 65/ 397/ 
in pathologie fracture, 68/ 69 f 71/ 
in periosteal desmoid tumor, 430, 430 f 
in pigmented villonodular synovitis, 502-504, 502/ 
in pleomorphic hyalinizing angiectatic tumor, 509/ 
in psoriatic arthritis, 289, 292/ 
radiodense appearance on, 54, 54 f 
radiolucent appearance on, 54, 54 f 
in reflex sympathetic dystrophy (Sudeck’s atrophy), 
63-64,64/ 

in rheumatoid arthritis, 78, 79/ 280/ 282-285, 287/ 
288/ 289/ 

in rickets, 202, 203/ 204/ 

in sarcoidosis, 132-133,133/ 134 f 135/ 

in scaphoid fracture, 61/ 

in Scheuermann’s disease, 311, 31 2f 

in sclerosis, 61-62, 62/ 

in septic arthritis, 119/ 120/ 

in sickle cell disease, 64-65, 66/ 126/ 222-223, 

224/ 226/ 

in sinus histiocytosis with massive lymphadeno- 
pathy, 464, 468/ 

in skeletal hemangiomatosis/lymphangiomatosis, 
461, 461/ 

in slipped capital fémoral epiphysis, 274, 274 f 275/ 

in soft-tissue giant cell tumor, 53C )f 

in soft-tissue hemangioma, 525/ 

in soft-tissue osteosarcoma, 548 f 

in solitary myeloma, 488/ 489/ 

specimen, 42, 44£ 45/ 46/ 

in spinal tuberculosis, 127/ 

in stress fracture, 98/ 

in subungual exostosis, 362, 36 3f 

in synovial chondromatosis, 500, 50C )f, 501/ 

in synovial hemangioma, 498, 498/ 

in synovial sarcoma, 539, 539/ 540 f 

in systemic mastocytosis, 465-466, 470 f 

tangential beam in, 54, 55/ 

in thalassemia, 225, 227/ 

trabecular bone destruction on, 54, 55 f 

in transient osteoporosis, 64,183, 184 f 185/ 

in traumatic myositis ossificans, 76 f 

in tuberculosis, 127/ 128/ 129/ 

in tumor calcinosis, 206 f 207/ 

in tumor-related matrix mineralization, 69, 70f, 71/ 

in unicameral bone cyst, 453, 454£ 455/ 

in vitamin A intoxication, 200, 200/ 

Radionuclide scanning, 54, 57-58 
advantages of, 58 
in bone island, 366f 
in bone metastasis, 58 f 

in Camurati-Engelmann disease, 174-175, 179/ 
disadvantages of, 58 
epiphyses on, 35/ 

in fémoral head osteonecrosis, 350, 352/ 358 
in osteoarthritis, 57, 58/ 
in osteoblastoma, 374-375, 377/ 
in osteoid osteoma, 73/ 374/ 
in osteomyelitis, 57/ 121-122, 123/ 
in Paget’s disease, 168, 172/ 173/ 
in prosthetic joint loosening, 114/ 1 
Radius 

aneurysmal bone cyst of, 458/ 
endothélial tumor of, 48 9f 
exostoses of, 403/ 

in hypertrophie pulmonary osteoarthropathy, 117/ 

melorheostosis of, 367f 

nonossifying fibroma of, 68 f 

osteogenesis imperfecta of, 145/ 147/ 

osteomalacia of, 64 f 

Paget’s disease of, 168, 172/ 

pigmented villonodular synovitis of, 504 f 

rickets of, 63/ 204/" 

RANK, 15 
RANK-L, 190-191 

Rapidly destructive osteoarthritis, 269-273, 271/ 272/ 
273/ 

Reactive periostitis, florid, 362, 362/ 

Reactive tumor. See also spécifie tumors 
bone-forming, 362-364 
fibrous, 430-432 
nonmatrix-producing, 450-453 
Receptor activator of NF kappa-(3, 15 
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Reciprocal translocation, 48 
Reed-Sternberg cell, 483, 483/ 

Reflex sympathetic dystrophy (Sudeck’s atrophy), 
63-64, 64/ 

Reiter s syndrome, 78-79 
Rénal cancer 

vs. fibrosarcoma, 444 
hypercalcemia with, 198-200 
metastatic, 492, 495/ 

Rénal failure 

amyloidosis in, 213, 216/’ 

hyperparathyroidism in, 190, 193-194, 198, 199/ 
200/ 206/ 
oxalosis in, 212 

rugger jersey spine in, 198, 19 9f 
Rénal glycosurie rickets, 205 
Rénal transplantation 

atypical mycobacterial disease and, 131/ 
insufficiency fracture and, 267 
Repair. See also Inflammation; Injury effects 
bone, 98-102, 100/ 
cartilage, 103-104, 105/ 106/ 
fracture, 98-102, 100/ 
meniscus, 106, 10 7f 
muscle, 91-94, 92/ 93/ 
peripheral nerve, 94-96, 95/ 
tendon, 94, 94 f 95/ 

Retinoblastoma, 382 

Rhabdomyosarcoma, 537-539, 538/ 539/ 
Rheumatoid arthritis, 280-288 
Allison-Ghormley bodies in, 284 f 
ankylosis in, 282, 286/ 287/ 
arteriolar occlusion in, 285/ 
calcification in, 208/ 287-288, 290/ 
cervical spine, 314-315, 314£ 315/ 
chondrocytes in, 84-85, 8 6f 
clinical findings in, 281, 281/ 
corticosteroid deposits in, 288, 291/ 
érosions in, 282, 287/ 
gold deposits in, 288, 290/ 
hemosiderin déposition in, 282/ 505, 508/ 
intraosseous calcification in, 208/ 
joint deformity in, 280-281, 280/ 
joint destruction in, 281, 281/ 282/ 
juvénile, 288-289, 291/ 
lymphoid follicles in, 282-285, 288/ 
odontoid displacement in, 314-315, 315/ 
pannus in, 282, 286/ 288/ 
pathogenesis of, 285-288 
vs. pigmented villonodular synovitis, 485, 487/ 
polymorphonuclear leukocytes in, 284 f 
popliteal cyst in, 287/ 
radiography in, 78, 79 f 280/ 282-285, 287/ 

288/ 289/ 

rheumatoid factor in, 283/ 285-287 
rice bodies in, 248, 285/ 

Russell bodies in, 281-282, 283/ 
specimen radiography in, 282/ 
subchondral inflammation in, 282-285, 288/ 
subeutaneous nodules in, 285, 289/ 290/ 
synovium in 

Allison-Ghormley bodies of, 284/" 
fibrinous exudate of, 284£ 285/ 
hyperplasia of, 83, 84, 84/ 281-282, 282/ 

283/ 

mast cells of, 283/ 
plasma cells of, 283/ 

Russell bodies of, 283/ 
tendinitis in, 282, 287/ 
ultrasonography in, 59 f 
Rheumatoid factor, 283/ 285-287 
Rheumatoid nodules, 59/ 285, 289/ 290 f 
Rhizomelic dwarfism, 159 
Ribs 

chondrosarcoma of, 418/ 

fibrous dysplasia of, 435-436, 437/ 

fracture of, 10C )f, 202/ 

hemangioma of, 460 f 

infantile cortical hyperostosis of, 118/ 

osteomyelitis of, 112/ 

osteopetrosis of, 163 f 

rickets of, 203/ 

sarcoidosis of, 134/ 

Rice bodies, 248, 285/ 


Rickets, 200-201, 202, 203/ 204/ 
glycosurie, rénal, 205 
hypophosphatémie, 205, 205/ 
vs. osteogenesis imperfecta, 144-146 
radiography in, 63, 63/ 202, 203/ 204/ 
refractory, 205 

vitamin D-resistant, 144-146, 205, 205/ 
X-linked, 205, 205/ 

Rider s spur, 97-98 

Rosai-Dorfman disease, 463-464, 468/ 
Rothmund-Thompson syndrome, 382, 387/ 
Rough endoplasmic réticulum, 82/ 

Rugger jersey spine, 198,199/ 

Rupture 

Achilles tendon, 94 
cruciate ligament, 94 
ligament, 94 
patella tendon, 94 f 
tendon, 94, 94/ 95/ 

Russell bodies, 281-282, 283/ 


s 

S-100 protein, 48 

in chondroblastoma, 412-413 
in clear cell chondrosarcoma, 423/ 425 
in myxoid chondrosarcoma, 549 
in neurilemoma, 546 
in notochordal rest, 428/ 
in Rosai-Dorfman disease, 468/ 

Sacroiliac joint, sarcoma of, 398/ 

Sacrum 

chordoma of, 426/ 427/ 
sarcoma of, 55/ 74 f 
Saddle deformity, 276 f 
Safranin O stain, 45-47, 49/ 

Sagittal suture, 22/ 

Salmonella infection 

in sickle cell disease, 125-126, 127/ 225, 226/ 

Sait and pepper appearance, 194, 197/ 

San Joaquin Valley fever, 133-134 
Sanfilippo syndromes, 154£ 

SAPHO (synovitis, acné, pustulosis, hyperostosis, and 
osteitis) syndrome, 116 
Sarcoidosis, 132-133,133/ 134/ 135/ 

Sarcoma 

angiosarcoma, 489-490, 491/ 
chondro-. See Chondrosarcoma 
epithelioid, 546, 546/ 547/ 

Ewings. See Ewing’s sarcoma 
granulocytic, 484 
vs. myositis, 526 
ostéogénie. See Osteosarcoma 
in Pagets disease, 170, 175/ 176/ 
radiation-induced, 388, 398/ 
soft tissue, 61/ 546, 546/ 547/ 
synovial, 535/ 539-541 
Scaphoid 

fracture of, 61/ 
replacement of, 332 f 
Scapula 

solitary myeloma of, 488/ 
tumor of, 43/ 

Scheie syndrome, 154£ 

Scheuermanns disease, 311, 311/ 312/ 

Schmorls nodes, 308-310, 309/ 
vs. tumor, 308-310 
Schwannian, 48 

Schwannoma, benign, 520, 521/ 

Sciatica, 312 

Scintigraphy. See Radionuclide scanning 
Sciera, blue, 143-144, 144/ 

Scleroderma-like lésions, osteopoikilosis and, 364 
Sclerosis, 61-62. See also Osteosclerosis 
generalized, 61, 62/ 
patchy/focal, 62, 62/ 
régional, 61-62, 62/ 

Sclerostin, 12 
Scoliosis 

in Ehlers-Danlos syndrome, 150, 151/ 
in Mar fans syndrome, 153/ 
in osteogenesis imperfecta, 145/ 
in osteoid osteoma, 374/ 


in thalassemia, 225 
Scurvy, 142/ 150-151, 151/ 
fracture in, 151, 152/ 
hemorrhage in, 151, 152 f 
Senile osteoarthritis, 54 

Senile osteoporosis, 177, 178, 180-181, 18l£, 183/ 
Septic arthritis, 118-119, 118/ 119/ 120/ 
aspiration in, 118-119 
blood culture in, 122 
cartilage destruction in, 119, 120/ 
infantile, 280/ 
pathogenesis of, 118, 118/ 
polymorphonuclear leukocytes in, 280 f 
radiography in, 280 f 
Septic arthropathy, 79 
Septic necrosis, 346 
Sequestrum, 75/ 125, 125/ 226/ 344 
Serotonin, 88 
Sesamoid fracture, 101/ 

Sexually transmitted diseases, 119-120. See also 
Syphilis 

Sharpey s fibers, 9-10,10/ 21/ 305-307, 307/ 
Shepherd’s crook deformity, 434-435, 435/ 

Shin splint, 97 
Shock syndrome, 102 
Shoulder 

calcifie tendinitis of, 209/ 
dystrophie calcification in, 87 f 
Gorham’s massive osteolysis of, 186/ 
hemochromatosis of, 222/ 
metastasis in, 55/ 
osteomyelitis of, 123/ 
osteonecrosis of, 349/ 

Sickle cell, 225, 225/ 

Sickle cell disease, 222-225, 225/ 
bone infarction in, 223, 345/ 358 
clinical course of, 222 
hyperplastic marrow in, 225, 225/ 
osteomyelitis in, 125-126, 126/ 225, 226/ 
radiography in, 64-65, 66/ 126/ 222-223, 

224/ 226/ 

Salmonella infection in, 225, 226 f 
spine in, 223-225, 224/" 

Sickle cell trait, 222 
Silicone implant, 326 f 

pseudotumor with, 329-331, 332/ 
tissue response to, 335, 341/ 

Simple bone cyst. See Bone cyst, unicameral 
Single-photon absorptiometry, 180 
Single photon émission computed tomography 
(SPECT), 57 

Sinus histiocytosis with massive lymphadenopathy, 
463-464, 468/ 

Sjôgrens syndrome, 280 

Skeletal hemangiomatosis/lymphangiomatosis, 
459-461, 461/ 462/ 

Skull 

amyloidosis of, 215/ 
chordoma of, 426, 426/ 428/ 
in congénital syphilis, 121/ 
éosinophilie granuloma of, 464/" 
fêtai, 32, 38/ 39/ 

fibrous dysplasia of, 432-434, 435/ 
formation of, 32 
fracture of, 56 f 
giant cell granuloma of, 135/ 
hair-on-end appearance of, 225, 227/ 
in hyperparathyroidism, 197/ 
in hypophosphatasia, 156 f 
juvénile Pagets disease of, 172,177/ 
multiple myeloma of, 487/ 
myofibroma of, 515, 516/ 
osteogenesis imperfecta of, 144, 145/ 
osteoma of, 368-370, 368/ 

Pagets disease of, 169/ 170/ 172, 175/ 
in phosphoethanolaminuria, 156 f 
sutures of, 21, 2 2f 
in thalassemia, 225, 226 f 227f 
Slipped capital fémoral epiphyses, 274-275, 274£ 275/ 
Sly syndrome, 154£ 

Smooth endoplasmic réticulum, 82/ 

Soap-bubble appearance, in adamantinoma, 446, 447/ 
Sodium fluoride, 158-159, 158/ 159/ 

Sodium urate crystals, 300 f 
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Soft tissue tumor, 497-532 

benign. See also spécifie tumors 
cartilaginous, 526-529 
fatty, 521-522 
fibrous, 506-518 
giant cell, 529-530, 530/ 
peripheral nerve, 518-521 
synovial, 498-506 
vascular, 522-525 

imaging strategies in, 75-78, 76 f 77 f 
malignant, 534-549. See also spécifie tumors 
bone-forming, 546-547 
epithelioid, 546 
fibroblast, 541-542 
fibromyxoid, 542-543 
fibrous, 535-537 
muscle, 537-539 
nerve sheath, 543-546 
synovial, 539-541 

Solid aneurysmal bone cyst. See Giant cell reparative 
granuloma 

Solitary bone cyst. See Bone cyst, unicameral 
Solitary enostosis, 364, 365/ 366/ 

Solitary (localized) myeloma, 485, 488/ 489/ 

Solitary neurofibroma, 520-521, 521/ 522/ 

Specimen examination. See Examination methods; 
Gross examination; Microscopie 
examination 

Specimen fixation, 43-44, 45 
Specimen photography, 42-43, 46 f 
Specimen radiography, 42, 44/] 45/ 46/ 

Spindle cell(s) 

in Chester-Erdheim disease, 467/ 
in epithelioid sarcoma, 547/ 
in malignant fibrous histiocytoma, 534/ 1 
in metastatic cancer, 493/] 494/" 
in myofibroma, 516/ 
in myofibrosarcoma, 543/ 
in myositis ossificans circurnscripta, 528 f 
in neurilemoma, 521/ 

in pleomorphic hyalinizing angiectatic tumor, 509/ 
Spindle-cell sarcoma 

in chondrosarcoma, 419-420, 421/ 
in Paget s disease, 170, 175/ 

Spine (vertebra [vertebrae]). See also Intervertébral 
dise 

aneurysmal bone cyst of, 454, 457/ 
ankylosing hyperostosis of, 317, 317/ 318/ 
hip replacement and, 317, ?>l9f 
posterior longitudinal ligament ossification with, 
317, 318/ 

ankylosing spondylitis of, 315-317, 316 f 
blastomycosis of, 1 36f 
chondromyxoid fibroma of, 415/ 
chondrosarcoma of, 71/418/’ 
chordoma of, 425-426, 426/ 427/ 
codfish, 181/ 

degenerative spondylolisthesis of, 311, 313/ 

in Ehlers-Danlos syndrome, 150, 151/ 

éosinophilie granuloma of, 462, 464/ 

facet joint load in, 311 

fish-mouth, 178, 182/ 

fluoride effects on, 158, 158/ 

ganglion cyst of, 530, 532/ 

Gaucher s disease of, 216-218, 217/ 
hemangioma of, 66f 460/ 462/ 
hematogenous osteomyelitis of, 110-111, 111/ 
Hodgkins disease of, 483 f 
in Hurler s syndrome, 155-156, 155/ 
in hyperparathyroidism, 196/ 197/ 
infection of, 120 

in intravenous drug user, 110—111, 111/ 
inflammatory spondylitis of, 315 
inflammatory spondyloarthropathy of, 315 
juvénile kyphosis of, 311, 311/ 312/ 
leukemia of, 44/] 485/ 
in Marfans syndrome, 153/ 
metastatic cancer of, 496/ 
in Morquio’s syndrome, 154/] 155/ 
multiple myeloma of, 486 f 
mycotic infection of, 133-134,136/ 
myelofibrosis of, 228/ 
myositis ossificans progressiva of, 527/ 
neuropathie (Charcots), 312-314, 314 f 


Spine (vertebra [vertebrae]). See also Intervertébral 
dise ( Continued) 
notochordal rest of, 426, 428/ 
ochronosis of, 265/ 266 f 
osteoblastoma of, 374, 376/ 377/ 
osteochondroma of, 71/ 402/ 
osteogenesis imperfecta of, 145/ 
osteoid osteoma of, 73/ 371-373, 374/ 
osteonecrosis of, 349 f 
osteopetrosis of, 162-163, 163/ 164 f 
osteoporosis of, 63, 63/ 158/ 178-180,181/ 182/ 
oxalosis of, 212/ 

Paget s disease of, 168, 170/ 171/ 176/ 
plasmacytoma of, 489/ 
pyogénie spondylitis of, 111/ 120, 122/ 
rheumatoid arthritis of, 314-315, 314/] 315/ 
rugger jersey, 198, 19 9f 
Scheuermann’s disease of, 311, 311/ 312/ 
scoliosis of, 145/ 150, 151/ 153/ 225, 374/ 
in sickle cell disease, 223-225, 224/ 225/ 
solitary myeloma of, 489/ 
specimen radiography of, 44/ 
spondylosis deformans of, 305-307, 307/ 
spondylosis of, 311-312, 312/ 313/ 
cervical, 311-312, 313/ 
lumbar, 312, 313/ 
in thalassemia, 225, 227/ 
tuberculosis of, 127-128, 129,130/ 
anterior lésion in, 129, 129/ 
central lésion in, 129, 129/ 
clinical considérations in, 127-128, 127/ 

128/ 129/ 

paradiscal lésion in, 129, 129/ 
pathologie findings in, 129-130 
radiography in, 128-129 
Spondylitis 

ankylosing, 315-317, 316/ 
inflammatory, 315 
pyogénie, 120, 122/ 
tuberculous, 127-128 
Spondyloarthropathy, inflammatory, 315 
Spondylolisthesis, degenerative, 311, 313/ 

Spondylosis, 311-312, 312/ 313/ 
cervical, 311-312, 313/ 
lumbar, 312, 313/ 

Spondylosis deformans, 305-307, 307/ 

Spongiosa 

primary, 32, 32/ 33/ 
secondary, 32 

Spongy bone. See Trabecular (spongy, cancellous) 
bone 

Sporotrichosis, 134 
Spur, bony, 97-98 
SQSTM1, 166-167 

Squamous cell carcinoma, chronic osteomyelitis and, 115 
Stain(s), 45-52 

alcian blue, 45-47, 49/ 

alizarin red, 45-47, 49/ 

alkaline phosphatase, 47 

Congo red, 214, 216/ 

immunohistochemical, 47-48, 5C )f 

safranin O, 45-47, 49/ 

tartrate-resistant acid phosphatase, 47 

toluidine blue, 45-47, 49/ 

trichrome, 45-47, 48/ 

van Gieson, 45-47 

Verhoeff s, 48/ 

von Kossas, 45-47, 49/ 

Staphylococcus spp., 110, 111-114, 124 f 
implant-related, 327-328 
radionuclide imaging in, 121-122 
Sternberg-Reed cell, 483, 483/ 

Sternum, hemangioendothelioma of, 490/ 

Stickler s syndrome, 151-152 

Storage diseases, 212-220. See also spécifie diseases 

Storiform pattern 

in fibrous dysplasia, 436, 439 f 
in giant cell tumor, 471, 473/ 
in malignant fibrous histiocytoma, 445-446, 446/] 
534, 534/ 

in nonossifying fibroma, 431-432, 433/ 
Streptococcus spp., 110, 112, 113-114 
Stress fracture, 63, 64/] 97, 98/ 201 
vs. osteoid osteoma, 371 


Stress risers, 353 
Stromelysins, 244 
Subarticular cyst, 245, 246/ 

Subchondral bone 

arthritis-related injury to, 244-245, 245/ 282-285, 
288/ 

fracture of, 96, 96 f 
fémoral condyle, 268-269, 270 f 
fémoral head, 266-269, 267/ 268/ 269 f 270-273, 
271 f 272/ 

Subungual exostosis, 362-363, 363/ 

Sudek’s atrophy, 183,18 Af 
Sulfur granules, éosinophilie, 115/ 

Sunlight exposure, 191, 193/ 

Suppurative arthritis, 119 

Surgery, osteomyelitis and, 113-114, 114/" 

Suture, giant cell reaction with, 91, 92f 

Swelling, in inflammation, 88 

Symphysis (amphiarthrodial joint), 19-20, 20/ 21/ 

Symphysis pubis, in hyperparathyroidism, 196/ 

Synaptophysin, 48 

Synarthrosis, 21, 2 2f 

Syndesmophytes, 317, 318/ 

Synovial chondromatosis, 498-501, 500 f 501/ 502/ 
Synovial effusion 

in prosthetic implant évaluation, 333, 335/ 
in rheumatoid arthritis, 281, 281/ 

Synovial fluid, examination of 
in arthritis, 251, 251/ 25l£, 252£ 
in CPPD, 298-299, 299/ 
crystals on, 52, 291, 294/ 298-299, 299/ 300/ 
in goût, 291, 294/" 
in rheumatoid arthritis, 281, 281/ 

Synovial hemangioma, 498, 498/ 499/ 

Synovial histiocytoma, benign. See Pigmented 
villonodular synovitis 
Synovial lining cells, 27-29, 28/ 
type A, 29, 29/ 
type B, 29, 29/ 30/ 

Synovial membrane, 27-29, 28/ 29f 
amyloidosis of, 216 f 

arthritis-related injury to, 249-251, 249/ 250/ 251/ 
in Charcot s joint, 255/ 
fibrinous exudate of, 285/ 
frozen section of, 52 f 
functions of, 29 
in hemophilia, 250-251, 251/ 
hemosiderin déposition in, 106-108, 108/ 223/ 
282/ 505, 508/ 

hyperplasia of, 84, 84/ 87/ 106-108, 108/ 
in hemophilia, 300-301, 301/ 
in osteoarthritis, 249, 249/ 250-251, 250/ 
in rheumatoid arthritis, 281-282, 282/ 283/ 
hypertrophy of, 108/ 249, 249/ 250-251, 281-282, 
283/ 

injury to, 106-108, 108/ 249-251, 249/ 250/ 251/ 
mast cells of, 283/ 
ochronosis of, 267/ 
in osteoarthritis, 255/ 261, 261/ 262/ 
in pigmented villonodular synovitis, 250-251, 251/ 
in rapidly destructive osteoarthritis, 273, 273/ 
in rheumatoid arthritis, 281-282, 283/ 284 f 
type A cells of, 29, 29/ 
type B cells of, 29, 29f 30/ 
villous lipomatous prolifération of, 498, 499/ 
Synovial sarcoma, 539-541, 540/ 
biphasic, 539, 540/ 
calcification in, 539-540, 541/ 
vs. fibrosarcoma, 444 
imaging of, 539, 539/ 540/ 
metastatic, 540-541, 547/ 
monophasic, 539, 540, 541/ 
positive identification of, 540, 541/ 
récurrence of, 540-541 
Synoviocytes, 27-29 
prolifération of, 84, 84/" 

Synovitis 

crystal, 52, 291, 298-299, 299/ 300/ 
hemosiderotic, 106-108, 108/ 505, 508/ 
inflammatory. See Rheumatoid arthritis 
osteoid osteoma and, 371-373 
traumatic, 106-108, 108/ 
villonodular, pigmented. See Pigmented 
villonodular synovitis 



582 INDEX 


Synovium. See Synovial membrane 
Synvisc, giant cell response to, 322/ 

Syphilis 

arthritis in, 120 

congénital, 119, 121/ 312-314, 314/ 
gumma in, 119-120, 121/ 
tertiary stage of, 119-120, 121/ 312-314, 314/ 
Syringomyelia, 312-314 
Systemic lupus erythematosus, 280 
SYT, 540-541 


T 

Tabes dorsalis, 312-314, 314 f 
Talus 

infarction in, 344 f 
membranous lipodystrophy of, 220 f 
Tarsal-navicular bone, collapse of (Kohler’s disease), 
346-347, 347/ 

Tartrate-resistant acid phosphatase stain, 47 
Technetium scan. See Radionuclide scanning 
Tendinitis 
calcifie, 209/ 

in rheumatoid arthritis, 282, 287/ 

Tendon(s) 

bone insertion of, 26, 28/ 
calcification of, 87, 87/ 
repair of, 94, 94f, 95/ 
rupture of, 94, 94f, 95/ 
ultrasonography of, 59, 59/ 

Tendon sheath 

fibroma of, 507, 509/ 510/ 
giant cell tumor of, 529-530. See also Pigmented 
villonodular synovitis 
hemangioma of, 498, 499/ 
neurilemoma of, 520, 521/ 

Tenosynovitis, nodular, 529-530 
Tétracycline labeling, 50-52, 51/ 200, 202/ 

TGF fil, 173-174 

Thalassemia, 225-226, 226/ 227/ 
hair-on-end appearance in, 225, 227/ 
radiography in, 65/ 
specimen radiography in, 227/ 

Thoracic spine 

osteoporosis of, 63, 63/ 182f 
Scheuermanns disease of, 311, 311/ 3 12f 
Thorn injury, 134 
Thrombomodulin, 5-6 
Thrombospondin, 5-6 
Thyroid hormones, 15t 
Tibia 

adamantinoma of, 446, 447/ 

angiosarcoma of, 491/ 

benign fibrous histiocytoma of, 434/" 

Camurati-Engelmann disease of, 174-175, 179 f 

Chester-Erdheim disease of, 467/ 

chondroblastoma of, 68/ 

compartment syndrome of, 94 f 

congénital pseudoarthrosis of, 104 f 

enchondroma of, 406/ 

epiphyseal scar in, 38f 

fibrous dysplasia of, 437/ 

fracture of, 113/ 344/ 

ganglion cyst of, 452/ 

giant cell tumor of, 472/ 

Harris Unes of, 38/ 
hemangioma of, 461/ 

hemangiomatosis/lymphangiomatosis of, 461/ 
infarction in, 344/" 
linear calcification in, 346/" 
lipid granulomatosis of, 467 f 
localized monomelic medullary osteosclerosis of, 
178/ 

membranous lipodystrophy of, 220 f 
metastatic carcinoma of, 17 3f 
nonossifying fibroma of, 43 2f 
osteoblastoma of, 379/ 
osteochondroma of, 70 f 72/ 401/ 
osteofibrous dysplasia of, 438-441, 441/ 
osteogenesis imperfecta of, 145/ 146/ 147/ 148/ 
osteoid osteoma of, 7 3f 
osteomyelitis of, 75/ 112/ 226 f 
osteosarcoma of, 330/ 388/ 394£ 396/ 


Tibia ( Continued) 

Paget’s disease of, 167/ 168, 172/ 173/ 
periosteal reaction of, 98/ 

Pig. 37/ 

rheumatoid arthritis of, 287/ 
stress fracture of, 97, 98/ 

Tibial plateau, 236/ 
érosion of, 239/ 
hemochromatosis of, 22 2f 
in hemophilia, 302/ 

Tibial tubercle, avulsion of, 97-98, 99/ 346-347, 

348/ 

Tidemark (calcification front), 26, 26/ 27/ 234, 

234/ 235/ 

in osteoarthritis, 257-260, 259/ 

Titanium implant 

débris déposition from, 325/ 
particulate débris with, 334 f 
Toe. See Foot; Great toe; Phalanges 
Toluidine blue stain, 45-47, 49/ 

Tooth (teeth) 

in hyperparathyroidism, 196 f 
in osteogenesis imperfecta, 143-144, 144 f 
Tophaceous pseudogout, 298, 298/ 

Tophi, 291, 294/ 

Trabecular (spongy, cancellous) bone, 7-8, 7/ 8f, 

9/ 16/ 

vs. callus, 100/ 
necrosis of, 84-85, 85/ 

radiographie abnormalities of, 64-65, 65/ 66/ 
Transforming growth factor-p, 16t, 90-91 
Transient osteoporosis. See Osteoporosis, localized 
(transient) 

Transverse carpal ligament, 95-96, 95/ 

Trauma, 82. See also Inflammation; Injury effects 
myositis ossificans and, 75, 76/ 
osteoarthritis with, 254 
osteomyelitis and, 113-114, 113/ 
pseudosarcoma and, 97-98, 98/ 99-100 
tumors after, 362-364, 430-432, 450-453 
Traumatic neuroma, 518-519, 518/ 

Traumatic synovitis, 106-108,108/ 

TREM2 ,220 

Trevor s disease, 404-405, 404/" 

Trichrome stain, 45-47, 48/ 

Trigger finger, 95-96, 96 f See also Carpal tunnel 
syndrome 

Tuberculosis, 127-130 
vs. blastomycosis, 133 
bursitis and, 289 
caseous necrosis of, 87,129 
clinical considérations in, 127-128, 127/ 128/ 
vs. coccidioidomycosis, 133-134 
culture in, 132/ 
granuloma in, 129-130,130/ 
of hip, 127, 128/ 
of knee, 127,128/ 130/ 
pathology of, 129-130,13C/ 
radiography in, 127/ 128-129, 129/ 
vs. sarcoidosis, 132 
of shoulder, 129, 129/ 

of spine, 127-128, 127/ 128/ 129, 129/ 130/ 

Tumor. See Benign tumor; Bone tumor; Malignant 
tumor; Soft tissue tumor and spécifie 
tumors 

Tumor necrosis factor, 16£, 90-91 
Tumoral calcinosis, 206/ 207-210, 207/ 208/ 526-529 
Tunneling (dissecting) résorption, 190/ 194-198, 197/ 
198/ 

TYROBP, 220 


u 

Ulcer 

cutaneous, osteomyelitis and, 115/ 

Marjolins, 115 

Ulcération, of articular cartilage, 239, 239/ 240/ 
Ulcerative colitis, 280 
Ulex europaeus, 47-48 
Ulna 

exostoses of, 403 f 

in hypertrophie pulmonary osteoarthropathy, 117/ 
hypertrophy of, 84f 


Ulna ( Continued) 

infantile cortical hyperostosis of, 118/ 
melorheostosis of, 367 f 
osteogenesis imperfecta of, 145/ 147/ 
osteomalacia of, 64 f 
rickets of, 63/ 204 f 
Ultrasonography, 54, 58-59 
advantages of, 59 
disadvantages of, 59 
in rheumatoid arthritis, 59 f 
in septic arthropathy, 79 
in soft tissue tumor, 76 
of tendons, 59, 59/ 

Ultraviolet (black) light, 43, 46/ 

Unicameral bone cyst. See Bone cyst, unicameral 
Urethritis, nonspecific, 119 
Uric acid, 290. See also Hyperuricemia 
Urogénital tract carcinoma 
hypercalcemia with, 198-200 
USP6, 455-456 


V 

Vacuum phenomenon, 310, 310 f 
Van Gieson stain, 45-47 
Vanishing bone disease, 186-187, 186/ 

Vascular supply. See Blood supply 
Vascular tumors, 485-492. See also Hemangioma 
low-grade, 490-492, 491/ 
poorly differentiated, 489-490, 491/ 
well-differentiated, 487-489, 489/ 490 f 
Venereal disease, 119-120 
Venule, blood-filled, 285/ 

Verhoeff s stain, 48/ 

Vertebra (vertebrae). See Spine (vertebra 
[vertebrae]) 

Vertebra plana, 462, 464 f 

Vertébral artery insufficiency, 311-312, 314-315 
Villous lipomatous prolifération of synovial 
membrane, 498, 499/ 

Vimentin, 47 

in epithelioid sarcoma, 547/ 
in synovial sarcoma, 541/ 

Virchow, Rudolf, 2, 3/ 82 
Vitamin A intoxication, 200, 200/ 

Vitamin C deficiency, 150-151, 151/ 152/ 
Vitamin D, 191, 193/ 

in bone metabolism, 190-192,192/ 
deficiency of, 190/ 200, 200 b. See also 
Osteomalacia; Rickets 
functions of, 191-192 
hepatic metabolism of, 191, 19:/ 
metabolism of, 191, 193/ 
rénal metabolism of, 191, 193/ 
sources of, 191 

Vitamin D-resistant rickets, 205, 205/ 
vs. osteogenesis imperfecta, 144-146 
Volkmann’s ischémie contracture, 92-94, 93/ 9 Yf 
Von Kossa’s stain, 45-47, 49/ 

Von Recklinghausens bone disease. See 
Hyperparathyroidism 

Von Recklinghausens disease (neurofibromatosis 
type 1), 520, 521, 521/ 543-545 
Voorhoeve s disease, 368, 368/ 


w 

Wallerian degeneration, 94-95 
Wear-and-tear theory, of osteoarthritis, 265 
Weichselbaums lacunae, 84-85, 86/ 286/ 
Weight-bearing exercise, 177-178 
Wolff s law, 8-9, 9/ 

Wormian bones, in osteogenesis imperfecta, 144, 145/ 
Wound healing. See also Inflammation; Repair 
cytokines in, 90-91, 90/ 
surgical, 91, 92/ 

Woven bone, 18, 1É/ 19/ 
calcified, 101-102 
in facial osteoma, 369, 370/ 
in fibrous dysplasia, 439/ 

in localized monomelic medullary osteosclerosis, 
173, 178/ 
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Woven bone ( Continued) 
in myelofibrosis, 228/ 
in osteoarthritis, 257-260, 259/ 
in osteoblastoma, 378/ 
in osteoid osteoma, 372/ 375/ 
Wrist 

amyloidosis of, 216/ 
Chester-Erdheim disease of, 466/ 
clear-cell chondrosarcoma of, 423/ 


Wrist ( Continued) 

Kienbôcks disease of, 346-347, 347/ 
lipid granulomatosis of, 466/ 
membranous lipodystrophy of, 220/ 
pigmented villonodular synovitis of, 
502-504,504/ 
rheumatoid arthritis of, 280 f 
rickets of, 63/ 
ultrasonography of, 59/ 


X 

X-ray. See Radiography 
Xanthomatosis, 218-220, 219/ 

Z 

Zirconium, 335, 340/ 


